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(54) Title: CHIMAERIC ADENOVIRUSES 
(57) Abstract 

The present invention provides methods and vector systems for the generation of chimaeric recombinant adenoviruses. These hybrid 
adenoviruses contain a genome that is derived from different adenovirus serotypes. In particular, novel hybrid adenoviruses are disclosed 
with improved properties for gene therapy purposes. /Hiese properties include: a decreased sensitivity towards neutralizing antibodies, a 
modified host range, a change in the titer to which adenovirus can be grown, the ability to escape trapping in the liver upon in vivo systemic 
delivery, and absence or decreased infection of antigen presenting cells (APC) of the immune system, such as macrophages or dendritic 
cells. These chimaeric adenoviruses thus represent improved tools for gene therapy and vaccination since they overcome the limitations 
observed with the currently used serotype subgroup C adenoviruses. 
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Title: Chimaeric adenoviruses 

* * 

The invention relates to the field of molecular 
genetics and medicine. In particular the present invention 
relates to the field of gene therapy, more in particular to 
gene therapy using viruses, especially adenoviruses. 
5 In gene therapy, genetic information is delivered to a 

host cell in order to either correct (supplement) a genetic 
deficiency in said cell, or to inhibit an unwanted function 
in said cell, or to eliminate said host cell. Of course the* 
genetic information can also be intended to provide the host 

10 cell with a wanted function, for instance to supply a 
secreted protein to treat other cells of the host, etc. 

Thus there are basically three different approaches in 
gene therapy, one directed towards compensating a deficiency 
present in a (mammalian) host; the second directed . towards 

15 the removal or elimination of unwanted substances (organisms 
or cells) and the third towards providing a cell with a 
wanted function. 

For the purpose of gene therapy, adenoviruses have been 
20 proposed as suitable vehicles to deliver genes to the host. 
Gene-transfer vectors derived from adenoviruses (so-called 
adenoviral vectors) have a number of features that make them 
particularly useful for gene transfer. 1) the biology of the 
adenoviruses is . characterized in detail, 2) the adenovirus 
25 is not associated with severe human pathology, 3) the virus 
is extremely efficient in introducing its DNA into the host 
cell, 4) the virus can infect a wide variety of cells and 
has a broad host -range, 5) the virus can be produced at high 
virus titers in large quantities, and 6) the virus can be 
30 rendered replication defective by deletion of the early- 
region 1 (El) of the viral genome (Brody et al, 1994). 
However, there are still drawbacks associated with the use 

* * 

of adenoviral vectors. Typically adenoviruses, especially 
the well investigated serotypes usually elicit an immune 
35 ' response by a host into, which they are introduced. Also, 
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although the virus generally spoken has a wide infection 
range, there is a problem in targeting certain cells and 
tissues. Also, the replication and other functions of the 
adenovirus are not always very well suited for the cells 
which are to be provided with the additional genetic 
material . 

The adenovirus genome is a linear double- stranded DNA 
molecule of approximately 36000 base pairs. The adenovirus 
DNA contains identical Inverted Terminal Repeats (ITR) of 
approximately 90-140 base pairs with the exact length 
depending on the serotype. The viral origins of replication 
are within the ITRs exactly at the genome ends. 
Most adenoviral vectors currently used in gene therapy have 
a deletion in the El region, where novel genetic information 
can be introduced. The El deletion renders the recombinant 
virus replication defective (Levrero et al, 1991) . It has 
been demonstrated extensively that recombinant adenovirus, 
in particular serotype 5 is suitable for efficient transfer 
of genes in vivo to the liver, the airway epithelium and 
solid tumors in animal models and human xenografts in 
immunodeficient mice (Bout, 1996; Blaese et al., 1995). 
Thus, preferred methods for in vivo gene transfer into 
target cells make use of adenoviral vectors as gene delivery 
vehicles . 

At present, six different subgroups of human adenoviruses 
have been proposed which in total encompasses 51 distinct 
adenovirus serotypes (see table 1) . Besides these human 
adenoviruses an extensive number of animal adenoviruses have 
been identified (see Ishibashi et al, 1983). 

A serotype is defined on the basis of its immunological 
distinctiveness as determined by quantitative neutralization 
with animal antisera (horse, rabbit) . If neutralization shows 
a certain degree of cross-reaction between two viruses, 
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distinctiveness of serotype is assumed if A) the 
hemagglutinins are unrelated/ as shown by lack of cross- 
reaction on hemagglutination- inhibition, or B) substantial 
.biophysical/ biochemical differences in DNA exist (Francki et 

5 al, 1991) . The nine serotypes identified last (42-51) were 
isolated for the first time from HIV- infected patients 
(Hierholzer et al 1988; Schnurr et al 1993; De Jong et al 
1998) . For reasons not well understood, most of such immuno- 
compromised patients shed adenoviruses that were rarely or 

10 never isolated from immuno-competent individuals (Hierholzer 
et al 1988, 1992; Khoo et al, 1995, De Jong et al, 1998). 

Besides differences towards the sensitivity against 
neutralizing antibodies of different adenovirus serotypes, 

15 it has also been shown that adenoviruses in subgroup C such 
as Ad2, and Ad5 bind to different receptors as compared to 
adenoviruses from subgroup B such as Ad3 (Defer et al, 
1990) . Likewise, it was demonstrated that receptor 
specificity could be altered by exchanging the Ad3 with the 

20 Ad 5 knob protein, and vice versa (Krasnykh et al, 1996; 
Stevenson et al, .1995, 1997) . The adenovirus serotype 5 is 

* 

most widely used for gene therapy purposes. Similar to 
serotypes 2, 4 and 7, serotype 5 has a natural affiliation 
towards lung epithelia and other respiratory tissues. In 

25 contrast, it is known that, for instance, serotypes 40 and 
41 have a natural affiliation towards the gastrointestinal 
tract. For a detailed overview of the disease association of 
the different adenovirus serotypes see table 2. The 
serotypes described above, differ in at least capsid 

30 proteins (penton-base, hexon) , proteins responsible for cell 
binding (fiber protein), and proteins involved in adenovirus 
replication. 

One of the major problems of adenovirus gene therapy is thus 
that none of the above described serotypes are ideally 
35 suitable for delivering additional genetic material to host 
cells. Some have a somewhat limited host range, but have the 
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me are the other way 
benefit of being less i^'^ Zi a Hmi«d virulence, 
round, Some have a problem -J^ ^ iOT ,unogenicity. 
but hava a broad host »™ ^ thls variation in the 

TO ma*e things even more on th e host to 

adenovirus serotypes re als J countered certarn 

te seated. Some hosts may air J t0 sal d 

serotypes and thus «*V^_ 9 person6 sKilled in the art 

--Tt^r — 8 ° n this same 

know that there 

Assent invention now — « f ^'^^ 
Viruses have >^^Tf Te o^ retirements for 
others typically excel - on ^ ^ ^ , h 

» efficient 9 ene therapy ^ ^ d 

j specificity for a cer ^ high ra te o 

replication machinery m such h thu8 
Section in certain^ - ^ ^ use£ul propert.es 
provides chimaerrc adenovr £erent serotypes, 

of a t least two a den ° Vl ™ Se ° °« nent s from the above non- 
, Typically, more than » ^ ^ adenovir us capable 
Sanative list are reqnrred to ob ^ ^ ^ host 

of efficiently «-= £ «" n9 ^n P~vides adenovirus derived 
cell and therefore the -"f"^. to insert different 
victors which can he use * « ^oviral serotypes at the 
25 adenoviral genes from drf feren ^ ^ 

reguired sites for o£ co »rse also a gene of 

a chimaeric adenovirus whereby ^ ^ o£ 

interest can be inserted at f ^ derivad In 

ch e original adenovrrus fr om «h ^ ^ 

M this manner the F*-^^ ne ads of certain 

adapted to the «qorremen disord ers. Of course to 

need of gene therapy for cer ^ generally be 

enable this P^" 0 *'^ f latent amount of safe 
ueeded in order to produce suff 
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Thus in one embodiment the invention provides a chxmaerxc 
adenovirus comprising at least a part of a. fiber protean 
and/or a protein involved in replication of an adenovirus 
serotype providing the chimaeric virus with a 
range and/or improved replication properties and at least a 
par! of a penton or hexon protein from another less antxgenxc 
adenovirus serotype resulting in a less antigenic chxmaerxc 
adenovirus. Typically such a virus will be produced usxng a 
vector (typically a plasmid, a cosmid or 

which vector is of course also part of the present xnventxon. 
A preferred vector is a vector which can be used to make a 
chimaeric recombinant virus specifically adapted to the host 
to be treated and the disorder to be treated. Such a vector 
is another embodiment of the present invention. Thus the^ 
invention also provides a recombinant vector derived from an 
adenovirus comprising at least one ITR and a packaging 
signal, having an insertion site for a nucleic acid sequence 
of interest, and further having an insertion sxte for 
functionally inserting a gene encoding a penton and/or a 

i serotype of adenovirus and havxng an 

hexon protexn of a fxrst serotype 

insertion site for a gene encoding a fiber protexn of a 
second adenovirus of a different serotype, and/or an 
insertion site for a gene derived from a serotype 
im proved characteristics in the function carrxed out by that 
gene or its product, Typically the invention P~>- des 
cassettes which allow for the production of any 
chimaeric adenovirus, be it only derived from two serotypes 
or Is many as needed to obtain the desired characterxstxc s 
whereby it is not always necessary that all characterxstxcs 
Ire the best when seen as single properties. It may not even 
be necessary, for instance, to always alter penton and/or 
hexon together with another part of adenovirus genes. . 
Sometimes the immunogenic^ needs not be altered together 
wxTh other properties. However, it is preferred to use penton 
5 and/or hexon genes from less immunogenic adenovxrus 

• ~^ a r^ feature of the present inventxon xs 
serotypes. An xmportant feature y 
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to oroduce the chimeric virus . Typically, one does 
the means to produce t ^ministered to the host 

not want an adenovirus batch to •* adeno virus. 
cel l which contains replication competent a ^ ^ 

although this is not always true. In gener ^ ^ 

oesired to omit a number o gene ,J» ^ 
adenoviral genome on the vector e ^ in „ hi ch 

and to supply these genes in the genome . Su=h a 

the vector is brought to produce vention thus 

cell is usually "Ued a pac a - 11. Jh ^ ^ 

axso provides a pachag f 1 ^ comprising in trans 
adenovirus accor ng - the ^ ^ ^ preaent 

all elements necessary invention. 
on the -enoviral ^tor -o * - « ^ . be adapted to one 
Typically vector and packagi g elements, but 

another in that they have all the neces ry ^ ^ 

,-h.t they do not have overlapping element 

rplicatlon competent vims by reco* i- ; t«^ , 

Ih us the invention ^j^^,, Ld a recombinant 

packaging cell acoording to the an essentially 
, vector according the invention whereby there ^ ^ 

-i^ it=adina to recombination j.« 
no sequence overlap leading adenovirus between said 

production of replication competent adeno 

cell and said vector. vector aIld 

- ^ r l^r^^ - desired properties at 
,5 provide the chxmaeric viru aden oviral genes is 

W ill, it is preferred that a ^™ restri ction 
provided wherehy the genes - - ^ _ kinds of ge nes 

sites. Typically it is P~* e ~ e restriction sites and 

of different serotypes wxthxn the s ^ 
30 to have that same restriction s ^ 

used to produce the ^^T^. to pic* and choose 
different genes are uniqu ^ from ^ 
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serotype using another restriction enzyme and insert that 
gene at the corresponding restriction site in the chimaeric 
vector. Thus it is to be preferred to have a vector according 
to the invention where the insertion sites are different and 
preferably unique restriction sites. Preferably this vector 
is combined with a library having the corresponding genes 
within the same restriction sites. Methods to use this 
library and the vector are within the skill in the art and 
are part of the present invention. Typically such a method 
comprises a number of restriction and ligation steps and 
expression of the result in a packaging cell. Also one can 
use a library from which the different desired adenoviral 
genes are obtained through homologous recombination or a 
combination of restriction and recombination. Thus the 
invention provides a method for producing a chimaeric 
adenovirus having a desired host range and diminished 
antigenicity, comprising providing a vector according to the 
invention having the desired insertion sites, inserting into 
said vector at least a functional part of a penton or hexon 
protein derived from an adenovirus serotype having relatively 
low antigenicity, inserting at least a functional part of a 
fiber protein derived from ah adenovirus serotype having the 
desired host range and transf ecting said vector in a 
packaging cell according to the invention and allowing for 
production of chimaeric viral particles. Of course other 
combinations of other viral genes originating from different 
serotypes can also be inserted as disclosed herein before. 
An immunogenic response to adenovirus that typically occurs 
is the production of neutralizing antibodies by the host. 
This is typically a reason for selecting a penton, hexon 
and/or fiber of a less immunogenic serotype. 
Of course it may not be necessary to make chimaeric 
adenoviruses which have complete proteins from different 
serotypes. It is well within the skill of the art to produce 
chimaeric proteins, for instance in the case of fiber 
proteins it is very well possible to have the base of one 
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u the knob from another serotype, 

serotype and the shaft and the ta* o£ ^ 

In this manner it becomes P OM ^ l ^ t ^^^ 1 ' lefl 

.o *,vr aR^emblv of viral particles 
rvrot-ein responsible for assemoiy u 
protein F t-herebv enhancing the 

originate ^ the inventi ° n 

production of a Lovirus according to the 

also provides a ™^ and/or fibe r proteins 

invention, wherein the hexon p ^ adenovirus 

are chimaeric protexns « l 9 inat ^ ade noviruses by 
serotypes. Besides generatxng chimaerxc aden 

DIlHre wi id type hexon, penton, fiber vpr 
swapping entxre wiia yp ^ scope of 

aenes etc. or parts thereof, it is ais 
present invention to insert hexon, penton, fiber 
the present carrying stations such as point 

(pr otein) genes et- carry g . ^ ^ ^ ^ ^ 

raUtati T; o r e pre erred characteristics such as temperature 
S^rJSSy. anchoring, directed infection, 
staniiity, other chimae ric 

altered immune response etc Ag e 
combinations can also be produced and are 

of the present of nucleic acids derived from 

0 The availability of Qthers> the ge neration of 

different serotypes allows, amo g ion therefore 

further provides a library libra ry of chimaeric 

„ adenoviruses w ere a ^ proteins at in 

" PS 1 at'least »o different adenovirus serotypes, 
part from at least two ^ thereo£ , 

Preferably, -^"^^^ve adenovirus of each 
fro* at least one ^ aaid (chim aerio) 

» ^ iIUS " re eS y. nucleic acid and/or protein 
adenovirus library. «ei j 

, . „ j OT .Hved from more than one 
« P»ts thereof , der ved ^ ^ 

representative of each a n or . parC 

eaid lihrary foovm repre sentative of each 

35 thereof, fx. -""^LIc 7 cid and/or protein or parts 
adenovirus subgroup. Nucleic a 
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thereof derived from more than one representative adenovirus 
from each adenovirus subgroup in said (chimaeric) library is 
desired because a desirable property may not be a general 
property of a subgroup. Also, a desirable property of a 
subgroup of adenovirus may be expressed in different amounts 
on the various members of the subgroup . Ensuring that more 
than one representative of a subgroup is represented in the 
library thus warrants the selection of the best expressor of 
the desired property. 

Typically, a library of chimaeric adenoviruses or a part 
thereof is used in screening assays to determine properties 
of said chimaeric adenoviruses. Any particular chimaeric 
adenovirus comprising particularly desirable properties can. 
thereby be identified and subsequently be used in, for 
instance, the development of an improved nucleic acid 
delivery vehicle. Desirable properties said chimaeric 
adenovirus library may be screened for include, but are not 
limited to, target cell specificity, reduced immunogemcity, 
increased immunogenicity, re-directed neutralization, re- 
directed hemagglutination, improved infection efficiency, 
reduced toxicity, improved replication and/or improved 
pharmacokinetics such as altered tissue distribut ^ upon - 
vivo administration. Comparison of properties of different 
chimaeric adenoviruses can lead to the delineation of 
adenovirus elements involved in providing an adenovirus with 
said property. Such knowledge can then be used to further 
optimize nucleic acid delivery vehicles. In one aspect the 
invention provides a selection of (chimaeric) adenoviruses 
with an improved capacity to transduce macrophage- or 
fibroblast-like cells compared to adenovirus 5, preferably 
said (chimaeric) adenoviruses comprise at least part of a 
tissue tropism determining part of a fiber protein of an 
adenovirus of subgroup B, or a derivative and/or analogue of 
'said fiber protein. The invention further provides a 
selection of (chimaeric) adenoviruses with an improved 
capacity to transduce smooth muscle cells compared to 
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■ r \ adenoviruses 

cerise at of subgroup B or a 

o£ a fiber protein o£ an pro tein. A 

aeri vative and/or ana loan « of eai My t the r be 

chimeric adenovirus library o^ ^ u £or 

used to study edenovxrua biology rence0 ln the 

stance very .^"^vtru. aarotypea. m one aspect 

bi ology of the various o£ (chitB eric, 

che invention provides a ee 1 "* ^ negaCive cell . 

adenoviruses, oapsble of transd £iuid Mll 

Preferably said CAB --^V* amnion fluid eell » • 
. aerivative thereof . Prefers! ly .»bly said 

•in rell or a derivative ce ll, such 

chorion vxllx cell ^ hetnopoxetxc ceU & 

CAR negative cell x preC ursor cell and/ 

5 a8 but not limited " Qerivat ives thereof. 

20 adenovirus of subgroup D or F & adenovirus 

fl ,nect the invention provx n _ ttern compared to 

In one aspect neutralization P attern 

comprising a re-dxrecte ion is useful in a 

c cm-directed- neutraj-j. limited to, 

adenovirus 5. Re dxr instan ce, but not limit 

number of oixc^o^o^^ antibodies 
getting round pre-exxstxng ^ c aden ovirus Pr.- 

patient administered wxth said neutra li Z e the 

existing neutralising ^ effec tive amount of 

adenovirus and thereby d**x* not desire d m 

virus administered ^ ^ ngs .herein a nucleic acxd xs 
30 for instanoe gene therapy e pre _ eXlStl ng 
to be delivered to targe eel ^ ^ gene 

neutralizing antibodxes can for i ^ ^ acld 

therapy ^^^^J^TUid chimaeric adenovirus 
of interest delivered through ^ ^ ^ L a l 

sho uld not b e ^- a needle in a solid txssue 
delivery for xnstance oy 
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combined with the presence of neutralizing antibodies in the 
blood that can neutralize leaking chimaeric adenovirus can 
in that case help to contain the transduction to a certain 

* 

area. 

in another aspect the invention provides a chimaeric 
adenovirus comprising a re-directed hemagglutination pattern 
compared to adenovirus 5. Re-directed hemagglutination is 
useful in a number of circumstances. Hemagglutinated 
material is preferentially taken up by macrophages and 
derivatives and/or precursors. Thus enhanced 
hemagglutination of a chimaeric adenovirus is preferred in 
case where enhanced delivery of nucleic acid to said 
macrophages is desired. However, in general the target cell 
will not be said macrophages thus in those cases a reduced 
hemagglutination is desired. A chimaeric adenovirus re- 
directed in its hemagglutination is useful for many 
applications which the person skilled art can now think of 
and thus form an integral part of the present invention. 



20 Detailed description. 

It has been demonstrated in mice that upon in vivo systemic 
delivery of recombinant adenovirus serotype 5 for gene 
therapy purposes approximately 99% of the virus is trapped in 
25 the liver (Herz et al, 1993) . Therefore, alteration of the 
adenovirus serotype 5 host cell range to be able to target 
: other organs in vivo is a major interest of the invention, 
particularly in combination with other alterations, in 
particular the immunogenicity. 

The initial step for successful infection is binding of 
adenovirus to its target cell , a process mediated through 
fiber protein. The fiber protein has a trimeric structure 
(Stouten et al, 1992) with different lengths depending on 
35 the virus serotype (Signas et al 1985; Kidd et all 1993). 
Different serotypes have polypeptides with structurally 
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v - different middle stem regions, 
similar N and C termini , but ^ 
.-terminally, the 30 ami >ase (Chrobocze* et al, 

anchoring of the fiber to the P ^ ^ ^ taxl 

l99 5), especially the Qr ^ is 

(Arnberg et al 1997 The J ^ ^ ^ 

responsible for initi al binding secondary 

adenovirus receptor. After thi ^ cell _ sur face 

binding between the capsid pen part icles m 

tntegrins leads to * ^ f 

coa tedpits and endocyto- C-"^ ^ ^ wick , a m et 

al. 19B4; Varga et al ^'^^ of which at least 

al< 1994) . integrxns are c* ident ified (Hynes 

14 ,-subunits and . t b- ^ ^ ig 

et al, 1992) . The array of - g ^ ^ 

5 complex and will vary between ^ conserved 

environment. Although th knob ^ ^ & h _ gh degre e 

regions, between serotypes t adenovirus 

. indicating that din t rate d that 

^igen. which together » The ..antigen is 

determines the serotype specif ^ ^ consiaCS o£ 

. a ™ the fiber and it is w antibodies 
localized on tne i* anti-fiber a" 

25 i° asdno acids <Bi» et *>■ ^ „ the tri „eric structure 
o£ the host are therefore ^ ^ „ lth 

o£ the Knob. The ««^ t tbe ^. base and hexon 
antibodies directed *9» in neutralization of 

proteins are "sponsible f° « * ' ^ 

adenovirus P*"" 160 ' "" £ter which the penton base « 
the adenovirus particles afte ies (S ahery-segard 

'accessible to the »hti-P»- ^ „ be . very effective way 
et al, !»•> ■ Wth ° U9 ir; a rticles others have described 
35 to neutralise adenovrrus part 
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that the anti-hexon antibodies are the most effective ones 
in neutralization of the particles (Gall et al, 1996). 

To obtain re-directed infection of recombinant adenovirus 
serotype 5, several approaches have been or still are under 
investigation. Wickham et al has altered the RGD (Arg, Gly, 
Asp) motif in the penton base which is believed to be 
responsible for the ct v P3 and a v Ps integrin binding to the 
penton base. They have replaced this RGD motif by another 
peptide motif which is specific for the <x 4 Pl receptor. In 
this way targeting the adenovirus to a specific target cell 
could be accomplished (Wickham et al, 1995, 1996). Krasnykh 
et al has made use of the HI loop available in the knob. This 
loop is, based on X-ray crystallographies, located on the 
outside of the knob trimeric structure and therefore is 
thought not to contribute to the intramolecular interactions 
in the knob (Krasnykh et al, 1998). However, complete CAR 

♦ 

independent infection was not observed. 



It is an object of the present invention to provide a method 
and means by which adenoviruses can be constructed with an 
altered immune response, or with the absence or decreased 
infection in antigen presenting cells such as dendritic cells 
or macrophages. It is a further object of the present 
25 invention to provide methods for the generation of chimaeric 
adenoviruses as described above which can be targeted to 
specific cell types in vitro as well as in vivo have an 
altered tropism for certain cell types. It is a further 
object of the present invention to provide a method and means 
30 by which such an adenovirus can be used as a protein or 
nucleic acid delivery vehicle to a specific cell type or 
tissue. 

The generation of chimaeric adenoviruses based on adenovirus 
serotype 5 with modified late genes is described. For this 
35 purpose, three plasmids, which together contain the complete 
adenovirus serotype 5 genome, were constructed. From these 
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^ the DNA — procure ^ 
Lee. protein, hexon ^^n^ which facilitate easy 
Md replaced by linker DHA s eqae.ce ^ £or 

cloning. These pl-smids s "?°;^ nton . b ase protein, he.cn 
th e insertion of D» encodrng « P ^ adeno virus. 
protein, and fiber protern derived £ro m the 

serotypes <hun»n or -"-^J^, using the polyn.er.se chern 
different serotypes were (de generete> 
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administered in vivo for therapeutic applications. The host 
immune response is predominantly directed against penton 
base - and hexon proteins present in the adenoviral capsid 
and to a lesser extend directed to fiber. 

5 The adenovirus serotypes are defined by the inability to 
cross-react with neutralizing antibodies, in animal sera. 
Therefore chimaeric viruses based on for example adenovirus 
serotype 5 but chimaeric for penton base protein, and/ or 
hexon protein provoke an altered, less severe immune 

10 response. The need for such chimaeric adenoviruses is 

stressed by observations that 1) repeated systemic delivery 
of recombinant adenovirus serotype 5 is unsuccessful due to 
formation of high titers of neutralizing antibodies against 
the recombinant adenovirus serotype 5 (Schulick et al, 

15 1997), and 2) pre-existing or natural immunity. 

This aspect of the invention therefore circumvents the 
inability to repeat the administration of an adenovirus for 
gene therapy purposes. Preferably, the penton base-, hexon-, 
and fiber proteins are derived from adenoviruses in subgroup 

20 B and D and are more specifically of the adenovirus serotype 
16, 24, 33, 36, 38, 39, 42, and 50. This latter is because 
these serotypes are rarely, isolated from humans indicating 
that low titers of circulating neutralizing antibodies are 
present against these serotypes . 

in another aspect this invention describes chimaeric 
adenoviruses and methods to generate these viruses that have 
an altered tropism different from that of adenovirus 
serotype 5. For example, viruses based on adenovirus 
30 serotype 5 but displaying any adenovirus fiber existing in 
nature. This chimaeric adenovirus serotype 5 is able to 
infect certain cell types more efficiently, or less 
efficiently in vitro and in vivo than the adenovirus 
serotype 5. Such cells include but are not limited to 
35 endothelial cells, smooth muscle cells, dendritic cells, 
neuronal cells, glial cells, synovical cells, lung 
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macrophage cells etc. 
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vitro a ^li£ic,tion xn , but also 

aaenoviruse. derived ^""tgh variability in 
wit hin one subgroup, display « ^ are used for 

produ ctive ^"^^irus. Table a 
production of reco s 6ert ,typee and their 

overview o£ different a dem)nB trating that 

assertion with *-» disease^ ^ ^ „ 
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in all aspects of the invention the chimaeric adenoviruses 
may, or may not, contain deletions in the El region and 
insertions of heterologous genes linked either or not to a 
promoter. Furthermore, chimaeric adenoviruses may, or may 
not contain deletions in the E3 region and insertions of 
heterologous genes linked to a promoter. Furthermore, 
chimaeric adenoviruses may, or may not, contain deletions in 
the E2 and/ or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/ or E4 
complementing cell lines are required to generated 
recombinant adenoviruses. 

Example 1: Generation of adenovirus serotype 5 genomic 
plasmid clones 

The complete genome of adenovirus serotype 5 has been cloned 
into various plasmids or cosmids to allow easy modification 
of parts of the adenovirus serotype 5 genome, while still 
retaining the capability to produce recombinant virus. For 
this purpose the following plasmids were generated: 

i rP WAd.B*--^TR (ECACV depos it P970821221 

in order to facilitate blunt end cloning of the ITR 
sequences, wild- type human adenovirus type 5 (Ad5) DNA was 
treated with Klenow enzyme in the presence of excess dNTPs. 
After inactivation of the Klenow enzyme and purification by 
phenol/chloroform extraction followed by ethanol 
precipitation, the DNA was digested with BamHI. This DNA 
preparation was used without further purification in a 
ligation reaction with P Br322 derived vector DNA prepared as 
follows: P Br322 DNA was digested with EcoRV and BamHI, 
dephosphorylated by treatment with TSAP enzyme (Life 
Technologies) and purified on LMP agarose gel (SeaPlaque 
GTG). After transformation into competent E.coli DH5a (Life 
Techn.) and analysis of ampiciline resistant colonies, one 
clone was selected that showed a digestion pattern as 
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from the BamHI site in Ad5 
expected for an insert extends from 

to the right ITR. der at the right ITR 

nr , analysis of the clonxng oor misS ing, 
Sequence anaiy res idue of the ITR was 

revealed that the most cor rect. Said 

r.r r--: * - » — 

replication. 
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and including the rITR (nussxng 

E CAC^E2Si^0821l2 



/ m a Ram (ECACC_deE2£i£-£^ nd the 
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pBr/Ad.Cla-Bam was analy e by r fr om 
and shown to contaxn an xnser 
bp 919 to 21566. 
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annealing the following two oligonucleotides: 5'- 
AATTGTCTTAATTAACCGC-3' and 5 1 -AATTGCGGTTAATTAAGAC-3 ' , 
followed by blunting with Klenow enzyme. After precipitation 
of the ligated DNA to change buffer, the ligations were 
digested with an excess Pad enzyme to remove concatamers of 
the oligo. The 22016 bp partial fragment containing Ad5 
sequences from bp 3534 up to 21566 and the vector sequences, 
was isolated in LMP agarose (SeaPlaque GTG) , religated and 
transformed into competent DH5a. One clone that was found to 
contain the Pad site and that had retained the large adeno 
fragment was selected and sequenced at the 5' end to verify 
correct insertion of the Pad linker in the (lost) Aflll 
site. 

§ rW WM.Bai P-»-T.rp™Ht2 (E CACC rlppos it PQ70fl2120) and 
pB WAd.Bam^rl TMg [ECACC rlPpoRit P97082121), 
To allow insertion of a Pad site near the ITR of Ad5 in 
clone pBr/Ad.Bam-rlTR about 190 nucleotides were removed 
between the Clal site in the P Br322 backbone and the start of 
the ITR sequences. This was done as follows: pBr/Ad.Bam-rlTR 
was digested with Clal and treated with nuclease Bal31 for 
varying lengths of time (2 • , 5 • . 10 ■ and 15 ■ ) . The extent of 
nucleotide removal was followed by separate reactions on 
pBr322 DNA (also digested at the Clal site) . using identical 
buffers and conditions. Bal31 enzyme was inactrvated by 
incubation at 75°C for 10 minutes, the DNA was precipitated 
and resuspended in a smaller volume of TE buffer. To ensure 
blunt ends, DNAs were further treated with T4 DNA polymerase 
in the presence of excess dNTPs. After digestion of the 
(control) P Br322 DNA with Sail, satisfactory degradation 
(~150 bp) was observed in the samples treated for 10- or 15 
The 10' or 15' treated pBr/Ad.Bam-rlTR samples were then 
ligated to the above described blunted Pad linkers (See 
pBr/Ad.Aflll-Bam) . Ligations were purified by precipitation, 
digested with excess Pad and separated from the linkers on 
an LMP agarose gel. After religation, DNAs were transformed 
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insert. After analysis and sequencing of the cloning border a 
clone was chosen that contained the full ITR sequence and 
extended to the Sail site at bp 9462. 

BBr jAd .ITTR-Sr M™ Zl mrACP ^ P ° Sit ? 97082118 
pBr/Ad.lITR-Sal<9.4) is digested with Sail and 
dephosphorylated (TSAP, Life Technologies). To extend this 
clone upto the third Sail site in Ad5, pBr/Ad.Cla-Bam was 
linearized with BamHI and partially digested with Sail. A 7.3 
kb Sail fragment containing adenovirus sequences from 9462- 
16746 was isolated in LMP agarose gel and ligated to the 
Sail-digested pBr/Ad.lITR-Sal (9.4) vector fragment.. 

r WB ( Ad . Af 1 T T - EcoRI 

pWE.pac was digested with Clal and 5' protruding ends were 
filled using Klenow enzyme. The DNA was then digested with 
Pad and isolated from agarose gel. pWE/Af 111-rITR was 
digested with EcoRI and after treatment with Klenow enzyme 
digested with Pad. The large 24 kb fragment containing the 
adenoviral sequences was isolated from agarose gel and 
ligated to the Clal-digested and blunted pWE .pac vector usxng 

the Ligation Express tm kit from Clontech. After 
transformation of Ultracompetent XLIO-Gold cells from 
Stratagene, clones were identified that contained the 
expected insert. pWE/Af 111-EcoRI contains Ad5 sequences from 
bp. 3534-27336. 

m^tmctior of ™w adapter plasmids 

The absence of sequence overlap between the recombinant 
adenovirus and El sequences in the packaging cell line is 
essential for safe, RCA- free generation and propagation of 
new recombinant viruses. The adapter plasmid pMLPI.TK 
(figure. 1) is an example of an adapter plasmid designed for 
use according to the invention in combination with, the 
improved packaging cell lines of the invention. This plasmid 
was used as the starting material to make a new vector m 
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h - ch nucleic acid molecules — ^ Pr0 "" 5 " r ^ 
which nucieic exc hanged. 

9 e„e sequences - * £ron ^^.lOT) 

nrBt , . PCR fragment - 9 - ^ wich th e following 

template DNA (described in PCI/ ^ AGG aT 
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ATC G-3 • . Pwo DHA polymerase (Bo 

according to manuf acturers^protocol ^ ^ ^ ^ ^ 

mature cycles: once 5 - • ^ ^ ^ „ 72 . c , 
72 »C, and 30 cycles of 1 ^ ^ then 

£ol lowed by once^O * ^ ^ et 

digested with BamHI thereby 
1M1 , vector dusted « t h ^u^a^ 
15 generating vector pLTElO , prOTOter 

fences from op 1, LTR having its wild-type 
consisting of a part of the ^ a 

e^ancer «^«-^ ^ter fragment was designated 
pol yoma virus U*noi> . Thej ^ ^ 

w20 . next, the coding region £ollo wed by Klenow 

inserted. pnTBiO was digests, w h _ obtained 

treatment and digestion with »coI ^ usi „ g 

by PCB edification on pUClS HSA< ^ ^ ^ ^ ^ ^ 

th e following primers, HSA1 5^ ^ GTC ^ ATC GAT 

^5 M . and HSA2, 5 -GTT MA amplified 
CTfi CTA ACA GTA GAG ATG TAG AA- 3 ™ ^ ^ ^ and 

fragment was incorporation of the 

Bg in sites, sequencing gene , but „ith an extra 

correct coding sequence of the g The 
30 TAG insertion n^uding the TAG duplication 

coding region of the (blunt ) fragment and 

uas t hen excised as a Hod -ti«y fr>gMnt 

cloned into the 3.5 » H' 01 '" 1 ^ 

from phTRlo. resulting » .^^L EcoRI and MB after 
finally, PLTR-HSA10 was pa cxaging signal , 

„ hich th e fragment containing the 
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L420 promoter and HSA gene was inserted into vector pMLPI.TK 
digested with the same enzymes and thereby replacing the 
promoter and gene sequences. This resulted in the new adapter 
piasmid pAd/L420-HSA (figure. 2) that contains convenient 

5 recognition sites for various restriction enzymes around the 
promoter and gene sequences. SnaBI and Avrll can be combined 
with Hpal, Nhel, Kpnl, Hindi I I to exchange promoter 
sequences, while the latter sites can be combined with the 
Clal or BamHI sites 3' from HSA coding region to replace 

10 genes in this construct. 

Another adapter piasmid that was designed to allow easy 
exchange of nucleic acid molecules was made by replacing the 
promoter, gene and poly A sequences in pAd/L420-HSA with the 
CMV promoter, a multiple cloning site, an intron and a poly-A 

15 signal. For this purpose, pAd/L420-HSA was digested with 
Avrll and Bglll followed by treatment with Klenow to obtain 
blunt ends. The 5.1 kb fragment with P Br322 vector and 
adenoviral sequences was isolated and ligated to a blunt 1570 
bp fragment from pcDNAl/amp (Invitrogen) obtained by 

20 digestion with Hhal and Avrll followed by treatment with T4 
DNA polymerase. This adapter piasmid was named pCLIP.Luc 
(figure. 3) . 
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ffpnp.ration »f recom binant adenoviruses 

To generate El deleted recombinant adenoviruses with the new 
plasmid-based system, the following constructs are prepared: 

a) An adapter construct containing the expression cassette 
with the gene of interest linearized with a restriction 
enzyme that cuts at the 3 ' side of the overlapping adenoviral 
genome fragment, preferably not containing any P Br322 vector, 
sequences, and 

b) A complementing adenoviral genome construct pWE/Ad.Af III- 
rlTR digested with Pad. 

These two DNA molecules are further purified by phenol/ 
chloroform extraction and EtOH precipitation. Co-transf ection 
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homologous reception between the adapte 
complementing construct (figure^ other (ragmente 

Alternatively, in et«d of P / ^ ^ ^ ^ 

can be used, e.g.. pBr/Ad.Li BwHI can 

be combined . f^^^a two homologous 
, case, three plasmas are co recombina nt adenovirus 

recombinations are needed to obtain ^ ^ 

c\ Tt- is to be understood tnat m« 
<£i3Ure ' Lr combinations of adapter and complementing 
art may use other combin inve „tion. 
plas mide without depsrtrn ^elow a nd meant as , non- 
, 5 a general protocol as^ « ^ ^ ^ been formed 

limiting example o£ the p iruses us ing various 

« Produce several £ragMmt . Adenovirus 

adapter plasmids and the ^ 

paging ceils transfected 

» the next day when "^J^" ectamine agent Chite Techn., 
with a mixture o£ DHA and lip ly , 40 ul 

as aescribed by the -™™^ d and 4 ,g of the 
lipofectamine, 4 ,<g adapter plas 2 ^ 

lamenting adenovirus genome fragment Mm 
complementing a homologous 

25 of all three plasmids conditions transient 

recombination) are used, under t tra nsfection) 

rransfection effic rransf actions using a 
are obtained as determined wit paeS aged to 

^/CMV-bacZ adapter. Two days later, 

2 , „rf further cultured. Approximately five 
30 -so cm 2 flasxs ana ^ on , to elevan days .for the 

the single homologous reoo c ytopathogenic 
aouble homologous -0*-^, h" functional adenovirus 

et£ T r<£~ harvested UP on ^ «- 

35 re—t C v rus is released by free.e-thawing. An extra 
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amplification step in an 80 cm 2 flask is routinely performed 
to increase the yield since at the initial stage the titers 
are found to be variable despite the occurrence of full CPE. 

* * 

After, amplification, viruses are harvested and plaque 
purified on PER.C6 cells. Individual plaques are tested for 
viruses with active transgenes. 

Besides replacements in the El region it is possible to 
delete or replace (part of) the E3 region in the adenovirus 
because E3 functions are not . necessary for the replication, 
packaging and infection of the (recombinant) virus. This 
creates the opportunity to use a larger insert or to insert 
more than one gene without exceeding the maximum package size 
(approximately 105% of wt genome length) . This can be done, 
e.g., by deleting part of the E3 region in the pBr/Ad.Bam- 
rlTR clone by digestion with Xbal and religation. This 
removes Ad5 wt sequences 28592-30470 including all known E3 
coding regions. Another example is the precise replacement of 
the coding region of gpl9K in the E3 region with a polylinker 
allowing insertion of new sequences. This, 1) leaves all 
other coding regions intact and 2) obviates the need for a 
heterologous promoter since the transgene is driven by the E3 
promoter and pA sequences, leaving more space for coding 
. sequences . 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing 
the 5" part of the E3 region was cloned into the EcoRI site 
of pBluescript (KS _ ) (Stratagene) . Next, the HindHI site in 
the polylinker was removed by digestion with EcoRV and Hindi 
and subsequent religation. The resulting clone pBS.Eco- 
Eco/ad5DHIII was used to delete the gplSK coding region. 
Primers 1 (5--GGG TAT TAG GCC AA AGG CGC A-3') and 2 (5' -GAT 
CCC ATG GAA GCT TGG GTG GCG ACC CCA GCG-3 ' ) were used to 
amplify a sequence from pBS .Eco-Eco/Ad5DHIII corresponding to 
sequences 28511 to 28734 in wt Ad5 DNA. Primers 3 (5' -GAT CCC 
ATG GGG ATC CTT TAC TAA GTT ACA AAG CTA-3 • ) and 4 (5--GTC GCT 
GTA GTT GGA CTG G-3') were used on the same DNA to amplify 
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frnm 29217 to 29476. The two resulting PCR 
Ad5 sequences from 29217 to ^ ^ ^ 

fvanmpnts were 

lighted togetner oy ^ and 
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20 to transfer the reg ^WAd.Bam-rlTR, yielding 

th e ~™^ZZ7r£jT^ or without insertea 

"T teresti " construct is usea as aescribea supra 
gene o£ interest) . mi context, 
to proauce recount adenovirus^ Xn th ^ ^ 

25 expression ot insertea genes is anven hy 

promoter. E1 and E3 deleted sre 

Recombinant viruses that racoltbinat ion procedure as 

generstea by a aouble ^ ^Hectors using a plasma- 
described above for El repx 

baS ed system consisting , of : according to the 

a) an adapter plasnad for El rep ^ 
invention, with or without insertion 

interest, d 
b , the pWE/Ad.Aflll-EcoRI fragment and 

c the pBr / Ad . Bam- rITRAgpl 9K plasmxd wxth 

insertion of a second gene of interest. 
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In addition to manipulations in the E3 region, changes of 
(parts of) the E4 region can be accomplished easily in 
pBr/Ad.Bam-rlTR. Generation and propagation of such a virus, 
however, in some cases demands complementation in trans. 

Example 2: Generation of adenovirus serotype 5 based viruses 
with chimaeric fiber proteins 

The method described infra, to generate recombinant 
adenoviruses by co-transfection of two, or more separate 
cloned adenoviral sequences. These cloned adenoviral 
sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate template 
clones which allow for the easy introduction of DNA sequences 
15 derived from other adenovirus serotypes . As an example of 

these template clones, the construction of plasmids enabling 
swapping of DNA encoding for fiber protein is given below. 

r. enC r a Hnn of adenovirus temp i at* clones lacking DNA encoding 
20 fiber 

The fiber coding sequence of adenovirus serotype 5 is located 
between nucleotides 31042 and 32787. To remove the adenovirus 
serotype 5 DNA encoding fiber we started with construct 
pBr/Ad.Bam-rlTR. First a Ndel site was removed from this 
construct. For this purpose, P Br322 plasmid DNA was digested 
with Ndel after which protruding ends were filled using 
Klenow enzyme. This P Br322 plasmid was then re-ligated, 
digested with Ndel and transformed into E.coli DH5a. The 
obtained pBr/ANdel plasmid was digested with Seal and Sail 
and the resulting 3198 bp vector fragment was ligated to the 
15349 bp Seal-Sail fragment derived from pBr/Ad.BamrlTR, 
resulting in plasmid pBr/Ad.Bam-rlTRANdel which hence 
contained a unique Ndel site. Next a PCR was performed with 
oligonucleotides NY-up: 5-- CGA CAT ATG TAG ATG CAT TAG TTT 

35 GTG TTA TGT TTC AAC GTG-3 ' 
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_ rTT . 3 . (figure 6) . During 

amplification, both a Ndel ( £acilita t. cloning of 

Bit . (underlined) ™« iat ^£ catiOT cons isted of 25 

-rrr r-r- - - - - and 45 sec 

run on an agarose gel wnx fragment 

* * 2200 bp was amplitiea. j- ,„.,,, n i 

DNA fragment of ± 220 P Geneclean kit system (BxolOl 

was subsequently purified using Bam- rITRANdel as well 

Inc .). Then, both tbe ^^^'^^ 
as the PCR produce ^ ^ subsequently cloned using 

Nd el and Sbfl. The J^J^T^ sbfI diges ted pBr/Ad.Bam- 
T4 ligase enzyme, into the ^ piastnid &llow8 

rITRANdel , generating pBr/Ad^B ^ 
insertion of any PCR ^ £ * in piace of the 

unique Ndel and Nsil fce generate d by a double 

removed fiber sequence. Vxr described infra 

h omologous. recombination in^ cKag ' M 
using an adapter plasmid, constru p fa - constrU ct 

digested with Pad and EcoRI ™**J*^ feeen inserte d. To 
in which heterologous fiber . qu ^ constr uct 

increase the ^^^^^^ a Pad site flanging 
pB r/Ad.BamRAFib was modified^ g^ ^ ^ 

the right ITR. Hereto, pBr/Ad.Ba intro duced 
AvrI X and the 5 Kb adeno the 
into the vector P^/Ad.Bam-rlTR^ac^^ ^ ^ 

corresponding AvrlJ t fragme ^ heterologous f ibe r sequence 
named pBr/ Ad . BamRAFib . pac . on mod ified 

= •„ r,T»-r/Ad BamRAFib. pac, tne " UC1 
is introduced in fce introduce d into . large 

righ t hand ^ novltUS .° 1 ° ne £or L E/Ad .MllI-rITR in example 1. 
co seid done as desorrbe ^ q£ a6enovirus 

35 such a large cosmid clone ax 
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only one homologous recombination making the process 
extremely efficient. 

&m pHfieati»n nf fiber ppmianeea from adenovirus serotypes 
5 To enable amplification of the DNAs encoding fiber protein 
derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first 
known DNA sequences encoding fiber protein of alternative 
serotypes were aligned to identify conserved regions in both 
10 the tail -region as well as the knob-region of the fiber 

protein. From the alignment, which contained the nucleotide 
sequence of 19 different serotypes representing all 6 
subgroups, (degenerate) oligonucleotides were synthesized 
(see table 3). Also shown in table 3 is the combination of 
15 oligonucleotides used to amplify the DNA encoding fiber 
protein of a specific serotype. The amplification reaction 
(50 ul) contained 2 mM dNTPs, 25 pmol of each 
oligonucleotide, standard lx PCR buffer, 1,5 mM MgCl 2 , and 1 
Unit Pwo heat stable polymerase (Boehringer) per reaction. 
20 The cycler program contained 20 cycles, each consisting of 30 
sec. 94°C, 60 sec. 60-64°C, and 120 sec. at 72°C. One-tenth of 
the PCR product was run on an agarose gel which demonstrated 
that a DNA fragment was amplified. Of each different 
template, two independent PCR reactions were performed after 
25 which the independent PCR fragments obtained were sequenced 
to determine the nucleotide sequence. From 11 different 
serotypes, the nucleotide sequence could be compared to 
sequences present in GenBank. Of all other serotypes, the DNA 
encoding fiber protein was unknown till date and was 
30 therefore aligned with known sequences from other subgroup 
members to determine homology i.e. sequence divergence. Of 
the 51 human serotypes known to date, all fiber sequences, 
except for serotypes 1, 6, and 26, have been amplified and 
sequenced. The protein sequences of the fiber from different 
35 adenovirus serotypes is given in figure 7. 
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■ of fibercMm^^ .a 
Geseratiga of fifeer^nim vector (pBr/Ad.BamRA 

Ul a^ified fiber ». as well • « * ^ 

«> — ai9 " te : ~ i a i* «- <~-» 

subsequently run on a agarose g Ge neclean 
„ere isolated fro. the gel and purified using t ^ 

. .^n The PCR fragments were tnen ciw 

kit (B iol01 n ; J^., thus generating 

Sdel and Bail sites P / number o£ 

p Br/AdBa«RPibXX (where XX stands for ^ ^ 

„ hi ch the fiber » « ^ ^ 14/ w/ „, «/ U/ 

:i;;nr-/ »/»/../ 3=/ ,./ «/ 

„../ 42/45/ 47/ 49/ 51 have heen cloned into 
pBr/kdBa»BPibXX. Pro™ pBr/AdBa„RP bXX where XX ./ / ^ 

^"f^nrinLUslng the 

^'sequence was isolated via ^ in 

=r, This Avrll fragment was subsequently c 
GeneClean. This avxx a » which was 

— - ^ /M ^r^n r X r/epnUhorvlated as 
digested to completion 9en eration of the 

described previously, leading t 9 ^ 

plasmid ^-7^ si ^o- clone with a edified 
subsequently used to generat^ ^ ^ ^ „. M and 

fiber using the * co5mid clonlng resulted in 

, pBr/M.Bsm-rlTR £ Pa=J ibXX. ^^mb (where XX 

the forrcatron of construct p / ^ was 

stands for the serotype nuntoer of which 

isolated) . 

tion o£ pAd 5/L420.HSA, pAdS/Clip and pAdB/Clipsal 
10 Generation of pAaa/^ nucleic acid 

* ho make a new vector in which nucleic 
pMLPI.TK was used to make an sequences can 

Llecules comprising specific promoter and gene 

be easily -change^ pzipAMo+PyFlOl (N") 

First, a PCR " 9me f b ; d aS in 9e pcT/NL96/00195) with the following 
35 template DNA (described in PCT/^9 / AGG CAT 

primers: LTR-1 : B'-CTG TAG GTA CCA GTG CAC 
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GGA AAA ATA CAT AAC TG-3 • and LTR-2 : 5 - -GCG GAT CCT TCG AAC 
CAT GGT AAG CTT GGT ACCGCT AGC GTT AAC CGG GCG ACT CAG TCA 
ATC G-3'. Pwo DNA polymerase (Boehringer Mannheim) was used 
according to manufacturers protocol with the following 
5 temperature cycles: once 5- at 95°C; 3- at 55°C; and 1' at 
72°C, and 30 cycles of 1 ' at 95°C, 1' at 60°C, 1' at 72°C, 
followed by once 10' at 72°C. The PCR product was then 
digested with BamHI and ligated into pMLPIO (Levrero et al . , 
1991; Gene 101, 195-202) digested with PvuII and BamHI, 
10 thereby generating vector pLTRlO. This vector contains 

adenoviral sequences from bp 1 up to bp 454 followed by a 
. promoter consisting of a part of the Mo-MuLV LTR having its 
wild-type enhancer sequences replaced by the enhancer from a 
mutant polyoma virus (PyFlOl) . The promoter fragment was 
15 designated L420 .. Sequencing confirmed correct amplification 
of the LTR fragment however the most 5' bases in the PCR 
fragment were missing so that the PvuII site was not 
restored. Next, the coding region of the murine HSA gene was 
inserted. pLTRlO was digested with BstBI followed by Klenow 
20 treatment and digestion with Ncol. The HSA gene was obtained 
by PCR amplification on pUC18-HSA (Kay et al., 1990; J. 
Immunol. 145, 1952-1959) using the following primers: HSA1, 
5- -GCG CCA CCA TGG GCA GAG CGA TGG TGG C-3 ' and HSA2, 5 • -GTT 
AGA TCT AAG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG 

25 AA-3'. The 269 bp amplified fragment was subcloned in a 
shuttle vector using the Ncol and Bglll sites. Sequencing 
confirmed incorporation of the correct coding sequence of the 
HSA gene, but with an extra TAG insertion directly following 
the TAG stop codon. The coding region of the HSA gene, 

30 including the TAG duplication was then excised as a 

Ncol (sticky) -Sail (blunt) fragment and cloned into the 3.5 kb 
Ncol (sticky) /BstBI (blunt) fragment from pLTRlO, resulting in 

pLTR-HSAlO. 

Finally, pLTR-HSAlO was digested with EcoRI and BamHI after 
35 which the fragment containing the left ITR, packaging signal, 
L420 promoter and HSA gene was inserted into vector pMLPI.TK 
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a i-K^-rebv replacing the 
Rested with the same en^es and th Y ^ ^ 

promoter and gene sequences. Tlus re recognition 

-^T^J". £L C ~the prater and 
sites for venous »» trl f*_ be COBbine d with Hpal , 

g ene seguences SnaB and Avr can ^ the 

Shel. Kpnl, Hmdin to exchange p <iw 3 , 

Utt- sites can he — w h Che O. ^ 

from HSA coding region M designe d to .Uow easy 

Another adapter plasmd th ^ ^ the 

exchange of nucleic add molecules „ ith che 

promoter, gene and poly* seguence 8 polyi 

promoter, a multiple digested with 

sig nal. For this purpo - ^ RlenOT to bta in 

Avrll and BglH foliowea y nBr32 2 vector and 

blun t ends. The 5.1 I* '^J^^L to a blunt X570 
aden oviral sequences .as l ^^^ alMd by 
bp fragment from pcDNM/amp treatment with T4 

foment pAdS/Clip was partially 9- ^ ^ ^ 

linear fragment was £ resulti ng in a linker 

TTAAGTCGAC-3 1 was annealed to i iga ted 

•«-*, and EcoRI overhang. Tne ui^ 
with a Sail site and EcoR and clones were 

to the partially digested pAd5/Clip ve ^ ^ 

selected that had the ^ clip re sulting in 
upstream of the left adenovxrus ITR xn P A 

P Ad5/Clipsal. 
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^griiPL.g-'- r baaa < " 

^SCliSBMl^S. nAd5 /clip.LacZ was generated as 

T „e adapter plasmxd pAd5/C P ^ ^ piasmid 

f0ll0W r L T a h c : (BP 95-202 aiTby PC, with the primers 
pMLP.nl sLacZ (Ef ^ 

5 ' GGGGTGGCCAGGGTACCTCTAGGCTTTTGCAAand 
5 , GGGGGGATCCATAAACAAGTTCAGAATCC . The PC* 
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performed Ex Tag (Takara) according to the suppliers . 
protocol at the following amplification program: 5 minutes 
94°C, 1 cycle; 45 seconds 94°C and 3 0 seconds 60°C and 2 
minutes 72°C, 5 cycles; 45 seconds 94°C and 3 0 seconds 65°C 

5 and 2 minutes 72°C, 25 cycles; 10 minutes 72; 45 seconds 94°C 
and 30 seconds 60°C and 2 minutes 72°C, 5 cycles, I cycle. 
The PCR product was subsequently digested with Kpnl and 
BamHI and the digested DNA fragment was ligated into 
KpnI/BamHI digested pcDNA3 (Tnvitrogen) , giving rise to 

10 pcDNA3 .nlsLacZ. Next, the plasmid pAd5/Clip was digested 

with Spel. The large fragment containing part of the 5' part 
CMV promoter and the adenoviral sequences was isolated. The 
plasmid pcDNA3.nlsL.acZ was digested with Spel and the 
fragment containing the 3' part of the CMV promoter and the 

15 . lacZ gene was isolated. Subsequently, the fragments were 

ligated, giving rise to pAd/Clip.LacZ. The reconstitution of 
the CMV promoter was confirmed by restriction digestion. 

■ 

* 

The adapter plasmid pAd5 /Clip. Luc was generated as 
20 follows: The plasmid pCMV.Luc (EP 95-202 213) was digested 
with Hindi 1 1 and BamHI. The DNA fragment containing the 
luciferase gene was isolated. The adapter plasmid pAd5/Clip 
was digested with Hindlll and BamHI, and the large fragment 
was isolated. Next, the isolated DNA fragments were ligated, 
25 giving rise to pAd5/ Clip. Luc. The adapter pClipsal.Luc was 
generated in the same way but using the adapter pClipsal 
digested with HIII and BamHI as vector fragment. Likewise, 
the TK containing HIII -BamHI fragment from pCMV.TK (EP 95- 
202 213) was inserted in pClipsal to generate pAd5/Clip .TK. 
30 The presence of the Sail site just upstream of the left ITR 
enables liberation of vector sequences from the adeno 
insert. Removal of these vector sequences enhances frequency 
of vector generation during homologous recombination in 
PER.C6. 



PCT/NL99/00436 

WO 00/03029 



Generation 



10 



15 



E£2££iS Wna „t Ad 5 virus carrying the fiber of 

To generate recombinant Ad 5 const ructs, 

serotype 12, 16. 2B. 5J. ^ TR . pac/f ibXX (XX - 

pCLIP.Lnc, pWE/AdA ra nsfected into adenovirus 

12 , 16, 28, 40-L, 51 . ^ ^ Ad 5 viru s carrying 

producer cells To gene a rec ^ ^ ^ 

the fiber of 5/ 7 8 "/ 3?/ 38/ 40 -S/ 40-W 

24/ 27/ 28/ 29 3 32 33/ 3 / ^ ^ 

41-8/ 42/45/ 47/ 49/ 51, two adenovirus 
pW E/Ad.AflH-rlTR/FibXX were transfected 

producer cells CLIP . LuC( and 4 ug of both 

For transfection, ^9 f /^wre { Q r in case of 

cosmids; 4 W of ^" in P Berum £ree DMEM to 100 ,1 total 

rITR/FibXX) were diluted in ^ 

v olu». to this » Ittr 20 minutes at too. 

Upofectamine (Gibco) was added. Afte ^ ^ 

„ .v flask contained 2x10 

. T25 J tissue ; cults* ; ««f 24 . hour8 prior to transaction. 

PER-C6 cells that »^_ u mine complex containing 

Two hours later, the DBA HP of 2.4 ml DHEM 

TOd iu„ was diluted °- » ^ f „ 9ain 24 hours later 

, supplanted — supplemented with 10* 

the medium was replaced By - d s , 

£ etal calf serum. Cells were ™^ ^ 
gently harvested and free e/^ ^ ^ ^ ^ 3o 
debris was removed h Y 3 ^ ^ ^ ^ „ M 

« rpm room temperature. 

us ed to infect a.ain infect «X. - OU T00 - ^ 

cul ture flasks, » < ter *-« days after which the 

^pathogenic effect < ^ ^ ^ 

35 ^rST^S two assays were routinely performed. 
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20 \il virus supernatant, diluted 10-fold by the addition of 
1980 nl DMEM was used to infect A549 cells that were seeded 
24 -hours prior to infection at a concentration of 10 5 cells 
per well of 6-well plates. Forthy-eight hours later protein 
5 lysates were prepared that were subsequently used to measure 
marker gene expression (luciferase activity) . 2) 20 |il virus 
supernatant is used to determine the virus titer on human 911 
cells. For this purpose, 911 cells are seeded at a 

, concentration of 4xl0 4 cells per well in 96-well plates. 
10 Three to four hours after seeding, the medium was replaced by 

adenovirus supernatant (dilution range: 2 |il - 5 x 10 . 
The virus titers of the chimaeric fiber adenovirus serotype 5 

always exceeded 1 x 10 infectious units per ml. 

15 Example 3: Production, purification, and titration of 
chimaeric adenoviruses 

Of the supernatant obtained from transfected PER.C6 cells 
typically 10 ml was used to inoculate a 1 liter fermentor 
which contained 1 - 1.5 x 10 6 cells/ ml PER.C6 that were 

20 specifically adapted to grow in suspension. Three days after 
inoculation, the cells were harvested and pelleted by 
centrifugating for 10 min at 1750 rpm at room temperature. 
The chimaeric adenoviruses present in the pelleted cells were 
subsequently extracted and purified using the following 

25 downstream processing protocol . The pellet was dissolved in 
50 ml 10 mM NaPO/ and frozen at -2 0°C. After thawing at 37°C, 
5.6 ml deoxycholate (5% w/v). was added after which the 
solution was homogenated. The solution was subsequently 
incubated for 15 minutes at 37°C to crack the cells. After 

30 homogenizing the solution, 1875 |il (1M) MgCl/ was added and 
'5 ml 100% glycerol. After the addition of 375 jil DNase (10 
mg/.ml) the solution was incubated for 30 minutes at 37°C. 
Cell debris was removed by centrifugation at 1880xg for 30 
minutes at room temperature without the brake on. The 
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" " "hours at 10°C the virus was purified 

at 21000 rpm to since the viruS/ in 

from remaining protein and cell ^ 

*. t-hP other components, did not migr<*>- 
contrast to the otner * was 

i 4 ar / ml cesium chloride solution. The viru 

1.4 gr . / mi purification using a Tris/ HC1 

isolated after which a second p ^ 

(1M , buffered continues gradient of 1.33 g / ^ 
chloride is performed. After virus » 55Q00 ^ 

gradient the virus was centrifuged for 11 to*. 

„ w 0 „mv the virus band was isolated ana 

at 10°C. Subsequently tne vnu» „« a<11H1 
• of 30 ul of sucrose (50 w/v) excess cesium 

the addition of 3 ul of of dialysiS| each round 

chl oride is ^2l b \^ll alysi3 the V irus is transferred 
comprising of 1 hour. For y kDa( piercSf 

to dialysis slides (Slide-a-Hzer cut off 
USA) . The buffers used for ^""^^ of gucr ose 
supplemented with an (50% w/v)/ 

LS liter PBS, all supp ^ fr0 m the 

' ^r-J^U i- —ted in portions of M 
and 100 ul upon which the virus is stored a -85 C- 
To determine the number of virusparticles per 
•Hiliter 50 ul of the virus batch is run on an high 

liouid chromatograph columns (HPLC) . The 
l0 performance liquid chro g ^ 

adenovirus is bound to the column i 300 -600 mM) - 

v,-„v, -it is eluted using a NaCl gradient (range 
which it is elttt vir uspeak the number of 

By determining the are ^ determine the nuntoe r of 

virus particles can oe ca ba tch, 
3S infectious .nits 'f ^^^r^ /Vo/ MB purpose, 
titrations are performed on 911 cells. 
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4xl0 4 911 cells are seeded per well of 96 -well plates in rows 
B, D, and F in a total volume of 100 ul per well. Three hours 
after seeding the cells are attached to the plastic support 
after which the medium can be removed. To the cells a volume 
of 200 ul is added, in duplicate, containing different 
dilutions of virus (range: 10 2 times diluted to 2xl0 9 ) . By- 
screening for CPE the highest virus dilution which still 
renders CPE after 14 days is considered to contain at least 
one infectious unit. Using this observation, together with 
the calculated amount of virus volume present in these wells 
renders the number of infectious units per ml of a given 
virus batch. The production results i.e. virus particles per 
ml and IU per ml or those chimaeric adenoviruses that were 
produced so far, are shown in table 4. 



Example 4: Re-directed infection of chimaeric adenoviruses 

To demonstrate re-directed infection in vitro of the 
adenoviruses chimaeric for fiber protein, a panel of human 
cell lines of different origins was used. This panel includes 
amongst others human hepatic cells, primary fibroblasts, 
hemopoietic derived cell lines, primary smooth muscle cells, 
primary synoviocytes, and primary cells derived from the 
amniotic fluid such as amniocytes and chorionvilli . These 
cell types were infected with a panel of chimaeric 
adenoviruses which differ in the fiber protein. For this 

5 

purpose target cells are seeded at a concentration of 10 
cells per well of 6-well plates in 2 ml Dulbecco's modified 
Eagle's medium (DMEM, Life Technologies, The Netherlands) 
supplemented with 10% Fetal calf serum. Twenty- four hours 
later the medium is replaced by fresh medium containing the 
different chimaeric adenoviruses at an increasing MOI of 0, 
10, 50, 250, 1250, 2500, 5000 (MOI based on virus particles 
per cell) . Approximately 2 hours after the addition of virus 
the medium containing the virus is discarded, cells are 
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v^-ur 9 ml of fresh medium 
ppq and subsequently 2 nu 

" SShed T^\^sX added to each well. Forthy-eight 
,„ot centering virus) ^ by 

hours later cella are harv subsequently 

centrifugating 5 minutes a : I 15% Glycerol , 

lY sed in 0,1 ml lysre J Iri s- P hosphate buffer 

2 „ EDTA, 2 « DTT. and * g concentrati on of the 

pH T .„ after whrch ^ T J 0 ^ standard II). To 

ly sate is measured (Biorad. pr 20 ^ 

d etermine marker gene express*- luc f 

of the protein sample is mixed wrth 100 ul of 

Strata «-iferine Prome^he .the r ands,^ ^ ^ 

subsequently measured on a Luma ^ .^^ 

Berthold, The aether an s, ^The ^ ^ ^ ^ (RLU) 

experiments gxven a the ? ^ 

per »g protern, are shown ^ 

4-v, = 4- alteration of tne ti^ 1 ^ 
demonstrate that altera 5 host ra nge. 

alteration of the adenovirus serotype 

_ .. ..captor usage of Fiher 

, TO determine what cellular *£Z*~ pr oteins Known to be 
chimaeric adenoviruses the expr coxsackie 
involved in adenovirus serotype nf on 

ad enovirus reoeptor - - ^ ^ _ 

«*> ^ — ™ ^ s X U type, designed for 
3 transferred to tube; ( ^ pBS/ 

£ lo» oytometry. Cells were was centri£ug ation for 5 

a£ ter whioh the cells were pelleted y y _ „ ^ 

routes at 1,50 rpm at room «^™~ k 

o /h luted aB3 antibody (Mab 1961, »rui 
of a 100 times diluted a vP imes dilut ed 

» chemie, Amsterdam, The ^^^"I^. 

Amsterdam, The Neth lson . Harvard Medrcal 

antihody >a ^rnd grft^f «. ^ ^ ^ M pellet 

School, Boston, USA vm>u 
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after which the cells were incubated for 3 0 minutes at 4°C in 
a dark environment. After this incubation, cells were washed 
twice with PBS/0.5% BSA and again pelleted by centrif ugation 
for 5 minutes at 1750 rpm room temperature. To label the. 

5 cells, 10 \ii of rat anti mouse IgGl labeled with 

phycoerythrine (PE) was added to the cell pellet upon which 
the cells were again incubated for 30 minutes at 4°C in a 
dark environment. Finally the cells were washed twice with 
PBS/0.5% BSA and analyzed on a flow cytometer.. The results of 

10 these experiments are shown in table 6.. Also, in table 6 the 
infection efficiency of an adenovirus from subgroup A ,. B, C, 
D, and F is incorporated. These data clearly show that 
infection of a subgroup C adenovirus correlates with 
expression of CAR. The data also demonstrate that the 

15 chimaeric adenoviruses carrying a fiber of an adenovirus of 
subgroup B, D, or F can infect cells that do not express 
measurable levels of the CAR protein thus being able to 
infect cells via different (CAR- independent) pathways. 

20 Example 6: Radiolabeling of adenovirus particles 

To enable tracking of infection of the wild type 
adenovirus serotypes, these viruses were labeled with 
radioactive I 12 7l 125 or with fluorescent probes prior to 
infection. Using fluorescent microscopy or by measuring * 

25 radioactivity, the efficiency of infection of different 
serotypes into particular cell types is determined. 
To demonstrate re-directed infection in vivo of adenovirus 
chimaeric for fiber protein, lxlO 9 infectious particles were 
injected via the tail vein into CBA/ca mice (2 mice for each 

30 chimaeric adenovirus) . Detection of adenovirus infection into 
specific tissues is monitored on two different levels: 
1) Binding of chimaeric adenovirus is monitored by radioactive 
labeling the adenovirus (Eisenlohr et al . , 1987; Matlin et 
al., 1981; Richman et al, 1998). One hour after in vivo 

35 systemic delivery via the tail vein mice are sacrificed after 
which preferred is investigated by measuring radioactivity in 
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n tissues. 2) Successful infection is 
various organs c.q. tissues marker gene 

AT , Uored b y adenovirus gene expression oi 
monitorea oy a - days a fter 

i.e. lacZ or luciferase -"^^^ Y which orga „s and 

f:ld S,^ e -Led liver. spleen. 
, tis^s -; S ° 1 i at t e r d a ; t S 7 e 1 r t pheral blood, bone .arrow, aorta, 
^TeTc » n 9 h ' stratL. preferred bindin 9 o £ 
r^erir adenovirus towards tissue s 

particular organs can be determine . (Amersham) was 

t«» (Cvane BV, The Netherlands) or l i 
80 |iCi I (cygne ev, Iodogen 

activated by incubation £ or si* -» - « « ^ M 
pr e-coated tube (Pierce, » £ .... was 

» PHB ' °' 4 V£L tne activated Iodide to an Kppendorf 

started by trans erring the ^ ^ ^ ^ 

tub e contain!* ..^ ^ M procead £or 

iodination buffer_ The incorp orated label was 

nine minutes at RT, after ration _ using a Sephadex 

20 separated from free label y 3 ^ ^ coluim „ as 

25 column ,P-10 and subsesuently loaded with 

pr e-washed with 1. ml / bU£ ^ mcnted witll two mi of 

th e -dioiabei n 9 ■ ^ ^ ^ £lou . throug h, 
iodination buffer. After ^ „j 

». ' U c !o„r«ere collected in separata tubes, 

the '-T,°XZl down by the column, was 

Fre e iabe - ^^iO-ae. Radiolabeled virus particles 
concentrated in £ractioM 4 , 5 and 6, 

accumulated P*-"""^^, volume o£ 2 -3 ml. The 

3„ correspondin. to at fractionB wa s 

as counts per minute ,cpm> , results 

6 in 10 virus particles. 

in up to 5.10' cpm per 1C , vxru * fcQ ensure the 

Several control experiments were c 

35 integrity of the virus particles fte the v ^ ^ 

• ,,-in-iona For instance, one reaction 
manipulations, tui 
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which the virus particles underwent identical treatment but 
with the omission of radioactive Iodide. Eluted virus 
particles were subsequently used to infect A549 cells. The 
amount of infected cells was established by the expression of 

5 a visual marker gene such as LacZ. In addition, small 
aliquots of those eluted fractions that represented 
radiolabeled adenovirus were used to infect A549 cells to 
test the expression of the transgene, which was taken as an 
indication for virus viability of the specific virus batch 

10 used. 

The radiolabeled virus particles can subsequently be 
used for various in vitro and in vivo studies to determine 

the affinity for different cell types or for different 
organs. For in vitro studies, different cell lines such as 

15 for instance HUVEC (human umbilical vein endothelial cells) 
or SMC (smooth muscle cells) are seeded in 24-well plates in 
■ the appropriate culture medium, and infected with 

radiolabeled adenovirus particles at a multiplicity of 
infection of 10, 100 and 1000. As a control, cells are 

20 incubated with a similar amount of free Iodide. Two hours 
after infection, cells are extensively washed with PBS 
buffer, and. the remaining radioactivity measured. The amount 
of radioactivity that remains associated with the cells, 
corrected for the amount of radioactivity of the control 

25 cells incubated with free label, is a direct measure for the 
amount of virus that is attached to or has penetrated the 
cells. 

For in vivo studies, the biodistribution of adenoviruses 

that differ only in the origin of their fiber proteins was 
30 compared. To this end, rats were placed under general 

anesthetic and 0.1-2 MBq of radiolabeled adenovirus particles 
was intravenously (iv) administered into the tail vein. As a 
control, one rat received a comparable dose of free Iodide 
only. The animals were subsequently placed onto a gamma 
35 scanner and scanned for 10 minutes, to localize the source of 
the gamma radiation and thus to determine the in vivo 
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* comically introduced adenovirus. After 

MOdiStri "r Is Z I ""ced and * -i« organs 
one hour, animals were quantification o£ 

reeved for -i9^ an, for ac- ^ ^ 

radioactivity using * a£ter iv is expressed as 

s of radioactivity » various org ^ 
cpm per gram tissue, and is 

10 fluid. „„■.♦., are shovm on both 

ul _ fpxamD ie 4) infection results are en 
in Table 5 (example J cell typ es are 

amniotic cells and ^n,^ ^ ^ ^ 

isolated from the amniotic fluid a ^ ^ ^ 

standard conditions (Roest e ^ ^ ^ . ^ some 
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standard oonditions (Roest e • p instance, in some 

ta rgets to use ^ ^ ^ renata! diagnosis of 
oases (approximately 50 10 y standard teohniques 

m uscular dystrophin is ™£ pcR bec ause the 

6uch , s reverse- transcribed « or ^ ^ of 

stations in the "^ UMi ohorionvilli or 

dystrophin produoed in «-^"^ hM . cases isolation and 
a„nionvilli cell, is very low. In th =eUs is 

fa st differentiation of ^«* d 
performed. These chorionvlll » 

a retrovirus (Roest et al, ^ transducti o„, 

the MyoD cvm (Roest et al, into striat ed 

triggers the ohorionvilli to dif di££ erentiation 

mu0 ole cells with none wee*, *t^. 

th ese cells can then be the dystrophin 

^histochemistry to <*«™™ in£ection e££ic iency of 

protein is expressed. To da "' „ ith only 2-5% of 

ohorionvilli cells has et al , „,« . using 

oells transduced with a retrov ru R ^ ^ 

a serotype 5 adenovirus to deli ^ ^ o£ 

eborionvUli usi ng high 
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toxicity and thus. cell death. The results in Table 5 clearly 
demonstrate that the adenovirus serotype 5 is not an ideal 
candidate for transducing chorionvilli cells since only 
marginal luciferase activity is measured (75 RLU/ ^g protein) 

5 at the highest MOI tested (MOI = 5000 virusparticles per 
cell) . These results are confirmed using flow cytometry for 
the presence of the Coxsackie adenovirus receptor (CAR) and 
integrins which demonstrates that the receptors for 
adenovirus serotype 5 are only marginally present on 

10 chorionvilli (Table 6) . Surprisingly, the adenovirus serotype 
5 based vector containing a fiber of either subgroup B (fiber 
16 and/or 51) or subgroup F (fiber 40-L) both transduce the 
chorionvilli with high efficiency. The vector which does 
best, based on luciferase activity is the adenovirus 5 with 

15 fiber 40-L which results in' 1,688,028 relative light units 
per jig of protein, >20,000 fold increased transgene 
expression as compared to adenovirus serotype 5. This vector 
can thus be used to transduce cells present in the amniotic 
fluid to allow fast differentiation for purposes described 

20 above, for inhibiting gene expression during prenatal 
development, or to transfer and express nucleic acid of 
interest to the amniotic fluid. 

25 Example 8: Generation of adenovirus serotype 5 based viruses 
with chimaeric hexon protein. 

The method described infra to generate recombinant 
adenoviruses by co-transf ection of two, or more separate 
cloned adenovirus sequences. These cloned adenoviral 
30 sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate 
template clones which. allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an 
example of these template clones, the construction of 
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ina of DNA encoding for hexon protein 
plasmids enabling swapping of 

is given. 

smsm^J^^ . . adenov irus serotype 5 are located 
Hexon coding sequence of ^ £aciUtate eesy 

between nucleotides 18841 a alternative 

exchange o £ hexon "^"STX^- ~W 5 ' 
adenovirus serotypes into tn subc ione, coded 

firs t a shuttle vector was 9""*^ digasting pXasmid 

pBr/Ad.Eco-Fmel, ™ Lerting the 14 kb Pmel- 

pB r322 with EcoRI and EcoRV and ins ^ ^ vector 

ECOR1 fragment from sanDI £rag „ent by digestion 

a d eletion was made of a 1430 bp . pmeI 4SanDI . The 

with SanDI and reUgation to give p / ^ ^ 

amoved fragment contains serotype 8 DNA encoding 

pBr/Ad.Eco-PmelnSanDI the aden saq uences were 

hexon was deleted. thereby generating unigue 

PCE amplified and codi „g region. For 

, restriction sites olig onuoleotides were 

these PCR reactions fou dlff ^ ^ ^ MC AGC . 3 

teguired: nhexl-ahex4^ Ahexl^ ^ GCG . 3 . 

obex.-. 8- CCG GAT «*^f jiag CAA GCA ACA TCA ACA AC-3' 

nrr OAT C CA ATT GA B AAG CAA w-« 
ihexl: CCG SAT ^ |w £igura ,) . 

2S ihex*. 5- GAG AAG GGC ATG ^ ^ 

Th e amplified DNA I™***"* waB dige sted with BamHI and 
oU gonucleotides nhexl and 4hex2 ^ 
Peel, The amplified DNA product o * ^ ^ and 

oli gonucleotides nhexl and 9 subsequ ently purified 

10 8bfX. These digested PCR fragments „ 
£rom agarose gel and in a » p digestad ulth 

lig ase enzyme linked t » „ a s coded pBr/Ad.Eco- 

PB eX and Sbfl. The *~£^*-c« ** « 
— Tbi \::"t rseguence 1 the presence of uni^e 
35 the correct nucleotide qu 

restriction sites Hun! and Spel . 
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Amplification of hexon sequences from adenoviru s ^serotypes 
To enable amplification of the DNAs encoding hexon protein 
derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first 
known DNA sequences encoding for hexon protein of alternative 
serotypes were aligned to identify conserved regions in both 
the N- terminus as well as the C- terminus of the Hexon 
protein. From the alignment, which contained the nucleotide 
sequence of 9 different serotypes representing 5 of the 6 
known subgroups, (degenerate) oligonucleotides were 
synthesized. These oligonucleotides were coded HEX-up (5 f - GG 
ACGTGT AAG ATG GCY ACC CCH TCG ATG MTG- 3') and HEX -down (5'- 
CCA TCG ATG GTT ATG TKG TKG CGT TRC CGG C -3 ' ) . The 
amplification reaction (50 |il) contained 2 mM dNTPs, 25 pmol 
of each oligonucleotide, standard lx PCR buffer, 1,5 mM 
MgCl2, and 1 Unit Pwo heat stable polymerase (Boehringer) per 
reaction. The cycler program contained 20 cycles, each 
consisting of 30 sec. 94°C, 60 sec. 60-64°C, and 120 sec. At 
72°C. One- tenth of the PCR product was run on an agarose gel 
which demonstrated that a DNA fragment was amplified. Of each 
different template, two independent PCR reactions were 
performed after which the independent PCR fragments obtained 
were sequenced to determine the nucleotide sequence. From 9 
different serotypes, the nucleotide sequence could be 
compared to sequences present in GenBank. Of all other 
serotypes, the nucleotide sequence encoding the Hexon protein 
is unknown. So far, of each serotype, except for serotypes 1, 
8, 13, and 18, the hexon sequence has been PCR amplified. The 
protein sequence of the hexon of serotypes 34, 35, 36, and 41 
is given in figure 10. 

i 

Generation of Hexon chimae ric adenoviral DNA constructs 

All amplified hexon DNAs as well as the vector (pBr/Ad.Eco- 
PmeAHexon) were digested with Muni and Spel . The digested 
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Vi ' C^l the 

«- »— rrr, " s " »■ »■ 

15 16, 19/ 20 ' 22 ' 2<3 ' ' , n /0 ao 50 51 

' A*i L 9 43 46, 47, 48, 49, =>u, 

-% in 40. 41, ^ J ' ' 

34, 35. 36. 37 38 40 . _ Fron pBr/ fcd.E=o- 

*~ fr 6 ! r i5 To 2S, ». 30, 34, 35, a ... *> 

AscI fragment en p aqara se protocol (Boehringer 

Mannhexm, me wu« . . ^ttrsd (see 

<*— in ^ ^ ^ ™^cX an, 

deposphorylated as descrio » pWE/Ad.Af HI" 

result ed in the ---^ t on - ^ ^ ^ 
rITR/HexXX (where XX stands 
the hexon DNA was isolated) 

Ceneration o £ recombinant adenovirus oniric for nexon 

C-ar. reoo^inant Ad 5 vims carrying «. -on o £ 
Amative serotypes t«o -^J^T^™ 

producer cells. For tran dmem fco 

i, , lflT T r-iTR/HexXX were diluted in serum 
of pWE/Ad.AflH-rllK/ne^A 

, t„ t-his DNA suspension 100 Jii 

10 . ,1 total volume. To thrs ™ J ^ 30 minutes at 

diluted UPO e eta^G b ^ „ as 

:::rr 0 r:ei. £ ree « — - T 

nd serumf ree medium prior to 

, , v in 6 PER.C6 cells that were 
35 complex) . This flask contained 3 x 10 
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seeded 24-hours prior to transf ection. Two hours later the 
D Llipofectamine complex containing medium was dilut. ; once 
by the addition of 2.5 ml DMEM supplemented with 20% fetal 
dlf serum. Again 24 hours later the medium was replaced by 
"esh DMEM supplemented with 10% fetal calf serum. Cells were 
cultured for 6-8 days, subsequently harvested, and 
"eeze/thawed. Cellular debris was removed by centnfugation 
for 5 minutes at 3000 rpm room temperature . Of the 
supernatant (12.5 ml) 3-5 ml was used to again infect PER.C6 

cells (T80 cm 2 tissue culture flasks). . 



25 




30 



35 



To demonstrate an altered immune response towards chrmaenc 
adenoviruses, we first tested 75 sera derived frcmhuman 
oatients (25 cancer patients. 50 rheumatoid arthrltrs 
J! for tonicity on human 9U cells. For this purpose. 
,11 cell, were seeded at a concentration of 3x10 cells per 
well in 96-well microtiter plates. Twenty- four hours later 
^ medium of all wells, except for wells al -Hi , .„ -B . and 
M-H9. was replaced by 50 ul DMEM supplemented With 5% fetal 
calf erum. To wells Al. «, Bl. and B2. 50 ul patient serum 
I was added: liKewise. To wells CX. C2. «, and », S> M 
patient serum 2 was added etc. Subsequently. 50 ul of wells 
L-H2 were transferred to A3-H3 after which 50 ul of wells 
M -H3 was transferred to A4-H4. Thus this test 
resulted in a serum dilution of ox, 2x. 4x, and 8x for each 
Tati nt serum, identical treatment of wells A5-H5 ™h-- 
L. and A9-H9 through A12-H12 results in 12 sera tested per 
96 lwell microtiter plate. From 75 human patient sera tested 
in total. 25 sera with no apparent toxicity on huma. ^ 
cells were subsequently tested for the presence of antibodies 
capabXe of neutralize chimeric adenovirus in ection For 
thL purpose. 96-well microtiter plates were filled with 50 u 
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a -*-h 5% fetal calf serum except for wells 
1 DMEM supplemented w th 5 ^ ^ ^ 1 was 

Al-Hl. To wells Al, A2 , ^ ^ patient 

added . 5 0 ,1 of wells A2-H2 

serum 2 was added etc. 8 q» ^ q£ a3 . h3 

were transferred to wells A3 ^ (dilution rang e: 

I" SToir 1- wins A12-H12, SO ul was discarded Next . 
0 - 1/ 2048) . Fr mic rotiter plates 

r rrru - * — 0£ 50 . 

■on (3 x 10 4 cells/ well) plates were 
m cell-susp-sxo (3 * neutralizi ng capacity was 

incubated for 7-9 days » veri of CPE . as 

scored by the absence, P resenC *' of gerum , absence 

controls during these were t a*en. Based on 

of virus, and absence of ««™ es are identi fied 

theS e ^^^^^es are generated by 
towards which little neu ibed above are performed 

hum ans. ^\ e ^;llZ^s from botb buman as well as 
with wildtype ™7 e ; o ;^ e f which are less prone to 
animals to screen for serotyp ^ 
neutralization due to ^ ^ ^ way ^ 

experiments although *^J™ of many samples at once, 
it allows high throughput screening 
This assay is described below. 

for the detectigp o£jaea£gaUsing 
5 A_hiob_Jtouc3h^^ 

activity, i " human serum 

•no of a large amount of human sera for the 
To enable screening of a 1 9 t all adenovirus 

pre sence of assay was developed. 

10 serotypes, an automatea »o 

Human sera cplect ed Volunteers (50% 

-. nf mo individuals was selected, vu 
A panel of 100 inoi ._ dividuals between 20 and 60 

„ l0| 50% female) were healthy xnd.vid ers signed 

yea rs old with no restriction for race. All 
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an informed consent form. People professionally involved in 
adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two 
. hours after sampling, the blood was . centrifuged at 2500 rpm 
5 for 10 minutes. Approximately 30 ml serum was transferred to 
polypropylene tubes and stored frozen at -20°C until further 

use. 

Serum was thawed and heat -inactivated at 56°C .for 10 
minutes and then aliquotted to prevent repeated cycles of 

10 freeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to 
fill out approximately 70 96 -well plates. Aliquots of 
undiluted and diluted sera were pipetted in deep well plates 
(96-well format) and using a programmed platemate dispensed 

15 in 100 fil aliquots into 96 -well plates. This way the plates 
were loaded with eight different sera in duplo (100 /xl/well) 
according to the scheme below: 
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Sl/8 


Sl/16 


Sl/32 
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S5/32 






Sl/2 


Sl/4 


Sl/8 


Sl/16 
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S7/32 
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S3/32 
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S7/8 
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Sl/32 
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S4/4 


S3/8 


S3/16 


S3/32 


SB/2 


S8/4 


S8/8 


S8/16 


S8/32 






S4/2 


S4/4 


S3/8 


S3/16 


S3/32 
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S8/4 


S8/8 


S8/16 
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Where Sl/2 to S8/2 in columns 1 and 6 represent lx diluted 
- sera and Sx/4, Sx/8, Sx/16 and Sx/32 the twofold serial 
dilutions. The last plates also contained four wells filled 
with 100 /il fetal calf serum as*a negative control. 
25 Plates were kept at -20°C until further use. 
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Preparation of *— ^^^^ were inoculat ed on 
» .nhvDea of all known human adenoviruses were 
Prototypes ot (Fa llaux et al., 1998) 

T25 flasks seeded wxth PER . C6 /thawing 1-2 ml of 

and Harvested upon full CPB -^"/^ with 
the crude lysates were used to ^ cpE> The time 

PER .C6 cells and virus was „ as we ll as 

frame between inoculation and o r - o 
tne amount of virus needed to ^ ^ 
diff ered between serotypes. Ad nov ^ ^ ^ three „ 

by fre e 2 e/tha W1 n g and used - Qf cpE< ^ 

layer flasks wxth PER.C6 c pell eted and virus was 

were harvested by * f ^ gradie nt as follows, 

isolated and purxfxed by a two * »aP0 4 buffer (pH 

Cell pellets were dissolved m 50 ml 

<- onV After thawing at 37 C, s.o 
7.2) and frozen at -20 C. a solu tion was 

sodi u* aerate »% £ »> -^J^ „ 3 ,. c to 
^ed gently and incubated fo S * ^ eolution , 

cc^pleteiy !y S e the -Urn. After ■ o£ 375 Ml 

18 75 (ll 1" "S 01 ' " aS ^ incubated for 30 minutes et 

/ i \ t-hP solution was mcutoatea 
DNase (10 mg/ml) the solut centrifugatio n at 1880xg for 

v'r Cell debris was removed by centrxiug 
37 C. ceix H „ a1ee The supernatant was 

30 minutes at RT wxthout brake . The J w±th freon 

subseq uently purified j^J^ a 1« Tris/HCl 

(3X) . The ^J^S^-t C^e: 1../1-4 T/-U 
buffered cesxum chlorxde r> a The virus 

an d centrifuged at 21000 rpm '^^^ using a » 
ba nd is isolated after whxch a second P ^ ^.^ 

Tris/ HCl buffered continues for l7 

30 chloride w.s performed The ^ ^ ^ 

hours at 55000 rpm at 10 C. concentrat ion of 1%. 

/cn Sr w/v^ is added to a tinaj. 
sucrose (50 % w/v) x (three times x 

. Kxcess cesium ch orxde S ^ J a . Uzer , cut off 10000 

hr at RT) in dia y ■« ^ ( £ pBS supple mented with CaCl, 
Ma, Pierce, USA) ^J easing "concentration of 
(0.9 mM), MgCl 2 (0.5-0 and an xncreasxng 
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sucrose (1, 2, 5%). After dialysis, the virus is removed from 
the slide-a-lizer after' which it is aliquoted in portions of 
25 and 100 yl upon which the virus is stored at -85°C. 
To determine the number of virus particles per milliliter, 50 
ill of the virus batch is run on a high-pressure liquid 
chromatograph (HPLC) as described by Shabram et al (1997) . 
Viruses were eluted using an NaCl gradient ranging from 0 to 
600 mM. As depicted in table I, the NaCl concentration by 
which the viruses were eluted differed significantly among 
serotypes . 

Most human adenoviruses replicated well on. PER. C6 cells 
with a few exceptions. Adenovirus type 8 and 40 were grown on 
911-E4 cells (He et al., 1998). Purified stocks contained 
between 5xl0 10 and 5xl0 1J virus particles/ml (VP/ml) 

Titration of purified human adenovirus stocks 
Adenoviruses were titrated. on PER.C6 cells to determine the 
amount of virus necessary to obtain full CPE in five days, 
the length of the neutralization assay. Hereto, 100 pi medium 
was dispensed into each well of 96-well plates. 25 pi of 
adenovirus stocks predi'luted 10 4 , 10 s , 10 s or 10 7 times were 
added to column 2 of a 96-well plate and mixed by pipetting 
up and down 10 times. Then 25 >1 was brought from column 2 to 
column 3 and again mixed. This was repeated until column 11 
after which 25 yl from column 11 was discarded. This way 
serial dilutions in steps of 5 were obtained starting off 
from a prediluted stock. Then 3x10* PER.C6 cells were added 
in a 100 /zl volume and the plates were incubated at 37 a C, 5% 
C0 2 for five or six days. CPE was monitored microscopically. 
The method of Reed and Muensch was used to calculate the cell 
culture inhibiting dose 50% (CCID50) . 

In parallel identical plates were set up that were 
analyzed using the MTT assay (Promega) . In this assay living 
cells are quantified by colorimetric staining. Hereto, 20 fil 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated 
at 37 ^C, 5% C0 2 for two hours. The supernatant was removed 
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« 1 rf a 20-1 isopropanol/triton-X100 solution was 
and 100 ill of a 20.1 isop F 96 . we lls shaker 

added to the wens. taini ng. 
£or 3-5 minutes to «**^« »^ at 690 nm (bscfcgrcund, . 
Absorbance was measured at 540 m. ^ 
By this assay walls with proceeding CPE or ful 

distinguished. 
Neutralization assay 

96 .„eU Plates with dilated human ^^T^, pe r 

at 37 S * CO, ^^^r:u; - added to columns 
50 ,1 ware prepared and 50 ,1 aliquo ted for x 

X-ll of the plates with serum. Plate - were 
hour at 37=C, 5* CO,. Then 50 ,1 «.« g% 
disp ansed in all wells and incused .*r 1 day ^ ^ 

CO,. Supernatant was removed using fx :e sh pip P 
ro l and 300 ,1 fresh medium was a d ^ o Uwe^ ^ ^ 
t ic effects of the^erum. Plates^ ^ 

4 "tat up in aupio with diluted positive control sera 
„ere set up in aup £or ea ch serotype to be 

generated in rabbits and ^^J° control 3e rum (ICS) 

j j „ ws a and B and with negative 
tested in rows A an ^ ^ E ]) s tltratlon 

!, rows C and Also, in ^ f ^ ^ 

„as performed as Ascribed ^ ^ fce 

, dilutions starting ~* ™"£ aA pl atea was analyzed . 
tested. On day 5 one of the contr p imental 
microscopically and with the HTT "™££Z plst. 

tit er was calculated from the —^"^ b / comp lete, 

. k1 i,. jf rpE was rouna tu ^ 

observed microscopically- titration experiment 

10 i.e. the first dilution in the control ^ 
analyzed by MTT shows clear cell death al ^ ^ 

- t-he assay was allowea ^ y 

processed. If not the ass y ^ ^ aU 

or more days until full CPE was app terminated 

pl atas were processed. In mos , ca ^. neu „ aluing 

M *! ^t 5 ^ r^slTerl oration a maximum protection 
re:! ^ared to the controls without serum. 
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Example 9: Generation of Ad5 based viruses with chimaeric 
penton proteins 

5 The method described infra to generate recombinant 

adenoviruses by co-transf ection of two, or more separate 
cloned adenovirus sequences. These cloned adenoviral 
sequences were subsequently used to remove specific 
adenovirus serotype 5 sequences in order to generate template 
10 clones which allow for the easy introduction of DNA sequences 
derived from other adenovirus serotypes. As an example of 
these template clones, the construction of plasmids enabling 
swapping of DNA encoding for penton protein is given. 

4 

* * * 

15 Generation of adenovirus template clones lacking DNA 
encoding for penton 

i 

First a shuttle vector for penton sequences was made by 
insertion of the 7.2 kb Nhel-EcoRV fragment from construct 

20 pWE/Ad.Af 111-EcoRI (described in example 1) into pBr322 
digested with the same enzymes. The resulting vector was 
named pBr/XN. From this plasmid Ad5 penton sequences were 
deleted and replaced by unique restriction sites that are 
then used to introduce new penton sequences from other 

25 serotypes. Hereto, the left flanking sequences of penton in 
pBr/XN were PCR amplified using the following primers: 
DP5-F: 5'- CTG TTG CTG CTG CTA ATA GO 3 1 and 
DP5-R: 5'- CGC GGA TCC TGT ACA ACT AAG GGG AAT ACA AG- 3 ' 

DP5-R has an BamHI site (underlined) for. ligation to the 
30 right flanking sequence and also introduces a unique BsrGI 
site (bold face) at the 5 '-end of the former Ad5 penton 
region. 

The right flanking sequence was amplified using: 

DP3-F: 5'-CGC GGA TCC CTT AAG GCA AGC ATG TCC ATC CTT-3 ' and 

35 DP3-3R: 5 1 - AAA ACA CGT TTT ACG CGT CGA CCT TTC-3 ' 
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Tte « resulting « — ^ture was diges ted 

Ugated together The. «h = 1* ^ „ ith &vrI , a „d 

wlth »vrll and Bglll. pBr/H> ^ aigested 

BglI I and the vector fragment - ^ ^ pBr/R d.a 

Ugated PCR fragments. The reeul 9 ^ ^ Rd5 

p a„tcn. Penton coding ~£^7^ ^nds contained the 
„ ere PCR amplified such that the o£ these 

BsrGI and MUX sites "^"^"Uenton generates 
heterologous penton sequences a pBr/ ^ the 

constructs named pBr/Ad. penton* M*~ ** P ^ „ 

number of the serotype ^^^"^equently the new 

-inserted penton sequences, ou^ ^ 
amplify the ^^"^/.^^^ ln the pW/M.*"*-*™ 
penton sequenoes were in £ra gment. 
construct by exchanging the , co-o u also 

^ortantly, in stead; ^ from P Br/*d . penton** 

possible to insert the fs pME /Ad.Af 1111- 

, into a p„/ M .Mlin-rm^ ^' SBd/or £ibet 

^m/rib^ vector having a modi ^ plasmid . based aystem 
sequence -spe'trve^ In Hexible design of any 

to generate adenoviruses en ic conce rning 

edenovirus with any esired h raete^ ^ ^ ^ ^ ^ 
efficiency and specificity 
well as immunogenicity. 

To enable amplification of the DN ides were 

deriv ed fro. alternative ^ penton seq uence 

synthesized. Of each adenovirus subg 

of only one member is known • sequences 

oligonucleotides were J^V^ from subgroup C 

Thus, for amplification of penton sequen 
oligonucleotides P5-for (5«- 
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gctcgatgtacaatgcggcgcgcggcgatgtat-3 ' ) and P5-rev (5'- . 
gctcgacttaagtcaaaaagtgcggctcgatag-3 ' ) were used .For the 
amplification of penton sequences from subgroup B 
oligonucleotides P3-for (5 'gctcgatgtacaatgaggagacgagccg 

5 tgcta-3') and P3-rev (5 ' -gctcgacttaagttagaaagtgcggcttgaaag- 
3') were used. For the amplification of penton sequences from 
subgroup D oligonucleotides P17-for (5 ' gctcgatgtacaatgaggcgt 
gcggtggtgtcttc-3 ' ) and P17-rev (5 ' -gctcgacttaagttagaaggtgcg 
actggaaagc-3 1 ) were used. For the amplification of penton 

10 sequences from subgroup F oligonucleotides PF-for (5'- 

gctcgatgtacaatgagacgtgcggtgggagtg-3') and PF-rev (5'-gctcga 
cttaagttaaaacgtgcggctagacag-3 1 ) were used. All above 
described forward oligonucleotides contain a BsrGI 
restriction site at their 5 '-end and all reverse 

15 oligonucleotides contain an Aflll restriction site at the 5»- 

end . 

The amplification reaction (50 ^il) contained 2 mM dNTPs, 25 
pmol of each oligonucleotide, standard lx PCR buffer, 1,5 mM 
MgCl2/ and 1 Unit Pwo heat stable polymerase (Boehringer) per 

20 reaction. The cycler program contained 20 cycles, each 

consisting of 30 sec. 94°C, 60 sec. 60-64°C, and 120 sec. At 
' 72°C. One -tenth of the PCR product was run on an agarose gel 
which demonstrated that a DNA fragment was amplified. Of each 
different template, two independent PCR reactions were 

25 performed after which the independent PCR fragments obtained 
are sequenced to determine the nucleotide sequence. Of the 51 
human serotypes 20 penton sequences have been amplified. 

» 

Generation of penton chimaeric adenoviral DNA constructs 
30 All amplified penton DNAs as well as the vector (pBr/Ad.A 

penton) were digested with BsrGI and Aflll. The digested DNAs 
was subsequently run on a agarose gel after which the 
fragments were isolated from the gel and purified using the 
Geneclean kit (BiolOl Inc) . The PCR fragments were then 
35 cloned into the BsrGI and Aflll sites of pBr/Ad.Apenton, thus 
generating pBr/Ad.pentonXX (where XX stands for the serotype 
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nunier of which the penton « « . » ~ ^ . 

pent on scenes of --^^^ _ clon ed i-o 

39, 40, 41, 42, 47, 4«, j 

fragment ^^ M1 "V^ ele(lD . This Fsel fragment was 
gelelectrophoresre and Ge " e = le * ^m-rlTR (see example 

subsequently cloned in o—^* 1 * pseI and 

deposphorylated as descn p pME / A d.Af III- 

resulted In the formation o co s- t ^ ^ 

rITR/PentonXX (where XX stanas i.« 
which the penton DNA was isolated) . 

,. nanf ade novirus rhimaeric_ Jgr_peiitoa 
generatioB °f recon^inant_aa^novx 

E£2 ^ iS m hinant Ad 5 virus carrying the Penton of 

To ^•■^^ t ^ conBtrU ct., PCLIP.LUC and 
alternative serotypes two fonted into adenovirus 

pWE /Ad.AflII-rITR/PenXX were transfected 

producer cells^ ^ ^ 4 ^ Qf pWE/Ad . A flII- 

, For transection, pg ° P ^ ^ ^ ^ 

rITR/PentonXX) were diluted in 

t« t-his DNA suspension 100 |ii ^ 
total volume. To this DNA P ^ ^ 

lipofectamine (Gibco) was added. Aft * was added 

, rrrr- trr =. -si— - ;r 

PER.C6 =el s that we " ^ complex oontainrng 

»„ hours later, the «> addit ion of 2.5 ml 

m supplemented ^ £resh DMEM supple mented with 10* 

the medium was replaced by ^ ^ ^ 

fetal calf serum. Cells were , time8 . ceUlila r 

subsegnently ^"i /ugation for 5 minutes at 3000 . 
debris was removed by centrn g ^ was 

35 rpm room temperature. Of the supernatant (12.5 
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used to infect again infect PER. C6 cells (T80 cm 2 tissue 
culture flasks) . This re-infection results in full 
cytopathogenic effect (CPE) after 5-6 days after which the 
adenovirus is harvested as described above. 

* » ■ 

5 

The above described examples 1-9 encompasses the construction 
of recombinant adenoviral vectors, chimaeric for either fiber 
protein or hexon protein which results in an altered 
infection host range or altered immune response towards 

10 adenoviral vectors. These chimaeric adenoviral vectors are 
generated for the purpose of gene transfer and recombinant 
DNA vaccines. It must be stressed that in a manner analogous 
as described under example 1-9 chimaeric adenoviral vectors 
are constructed for penton and can be constructed for all 

15 other adenovirus proteins including but not limited to DNA 
encoding for small proteins required for adenovirus assembly 
and sequences required for adenovirus replication. Moreover, 
it must be emphasized that with this technology double, 
triple, quadruple, etc chimaeric adenoviral vectors can be 

20 constructed with the aim to combine parts of existing 

adenovirus serotypes to. generate adenoviral vectors with 
preferred characteristics for any given target cell or target 
disease. 

25 
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Legends to figures and tables 



15 



of the classification of known human 
5 Table 1. Summary of the clas Drinciple of 

adenovirus serotypes based upon the pnncip 

hemagglutination. 

Teble ? . -ocietion of human adenovirus series with 
10 human disease. 

i-otidee and degenerate oligonucleotides 
Table 3: Oligonucleotides ana y protein 
IZ for the edification of ~ «£^ t £.. U 

letters in oligonucleotides A b p repreS ent an 

Nsil restriction site, 
represent a Pad restriction site. 

I*-- of fiber chimaeric adenoviruses. 
Toble 4 .. Ruction reeu 1 of «* ^ using 

The number of virus particles p milU liter »ere 

HPLC. The number of infectrous units (IU) P 
det ermined through titration on human ^ 

S reflects a receptor mediated process. 

. Hr*, results of human cell lines and 
Table „ Transduct qell line ( »CC, 

primary cells. A5»9. leukemia (MCC, CCL-243) ■ 

SupTl: Hum« Lymphoblast Human liver 

GM096 0 3: Human primer, hrob Usts^ ^ 
carcinoma (ATCC, HBB carc inoma (ATCC, CCL-2) . 
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Primary Smooth muscle cells and synoviocytes were obtained 
from TNO-PG, Leiden, The Netherlands. Shown are the 
lucif erase activity (in relative light units (RLU) per \ig 
protein) measurements of cells infected at MOI 5000 
virusparticles per cell. 

Table 6: Expression of integrins aJJ3 and CU35, the 
Coxsackie adenovirus receptor (CAR) , and MHC class I on the 
membranes of target cells. In addition to the cells described 
in table 5: HUVEC: human umbilical vein endothelial cells 
were obtained from TNO-PG, Leiden, The Netherlands. Shown is 
the percentage of cells expressing either molecule on their 
membrane. The Ad5 based vector carrying a fiber of one 
representative of each subgroup and the efficiency of 
15 infection is shown on the right of the table. ND: not 

determined. 0% means undetectable expression of the molecule 
on the membrane of the cell using flow cytometry. 100% means 
high expression of the molecule on the cell membrane. 

20 Figure 1: Schematic presentation of adapter plasmid pMLPI.TK. 

Figure 2: Schematic presentation of adapter plasmid pAd/L420- 
HSA. 

25 Figure 3: Schematic presentation of adapter plasmid pAd5/CLIP 

Figure 4: Schematic presentation of a two plasmid system for 
the generation of recombinant adenoviruses. 

30 Figure 5: Schematic presentation of a three plasmid system 
for the generation of recombinant adenoviruses . 

Figure 6: Schematic presentation of generation of plasmid 
pfir/AdBamRDeltaFib in which part of the Adenovirus type 5 
35 fiber DNA is replaced by a short DNA stretch containing a . 
unique Nsil site. 
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• amlPnC es of adenovirus serotypes 8, 
Figure 7: Fiber protein^equences of ^ , 5| 36< 

9 , l3f 14,20, 23, 24, 25, 27 28 29 3 ^ ^ 

37. 38, 3.. «. «. 44 ' o 4 f 5 ; h 4 e 6 ; a : 7 1 ' of adenovirus serotype 5. 

letter. «* e ^*?^ nt it TOea ns that a PGR fragment was 
H bold letters not present nt 

sequenced which did not ^ Q \ cid due to 

^ t-. sequence of the sequence the stop 

unidentified nucleotide. At tne 
codon of the fiber is presented by a dot. 

„f t-h. in vivo biodistribution of I 
Fig ure 8 : comparison of the a<Jenovirus chim aeri= for 

labeled adenovirus serotype an particles. 
£i ber protein. Radiolabeled "^" lnto the tll l vein. 
, o.i-2 m* - intravenously adm n st« red 

M a control, a similar amount ^ , £ter one ho ur 

int o the -""^^^ity of the in the fisure 
and organs calibrated. *a scin tillation counter 

indicated organs was measured *^ * ^ fcissue . 
20 and is expressed as counts per minute per g 

Figure 9S schematic presentation of the 
pBr/A d.Bco-Pme rr n ^ ^ ^ ^ DNA 
oligonucleotide delta ^* serotype 5 protein. 

25 encoding for the hexon of adenovi 

f adenovirus serotypes 34, 
in. Hexon protein sequences of adenovir 
F.gure 10 -.Hexon pr seqU ence means 

35, 36, and 41. An X, presen nuc leotide. At 

unidentified amino acid due to un ^ ^ ^ ^ 

30 the end of the sequence the stop 
presented by a dot. 
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Subgroup 


serotvoes 


hemacelutination 
rhesus 


hemapplutination 
rat 


A 


12, 18,31 




+/- 


B 


3, 7, 11, 14, 16, 
21,34,35,51 






c 


1,2, 5,6 




+/- 


D 


8-10, 13, 15, 17, 
19, 20, 22-30 
,32, 33, 36-39, 
42-47, 49, 50 


+/- 


+ 


E 


4 




+/- 


F 


40, 41 




+/- 
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S yndrom 

Respiratory illness 



Keratoconjunctivitis (eye) 

Hemorrhagic cystitis (Kidney) 
And urogenital tract infections 

Sexual transmission 

Gastroenteritis 



CNS disease 



Hepatitis 



Disserninated 



None (???) 



S ubgenus 

A 
B 
C 
D 
E 
B 
D 
B 
C 
D 
C 
D 
A 
B 
C 
D 
F 
A 
B 
C 
D 
A 
C 
A 
B 
D 
A 
D 



Serotype 



31 

3, 7,11,14,21,34,35,51 

1,2, 5,6 
39, 42-48 
4 
11 

8, 19, 37, 50 
7,11,14,16,21,34,35 

5 

39, 42-48 
2 

19, 37 

31 

3 

1,2,5 
28 

40,41 
12,31 
3,7 
2, 5,6 
32, 49 
31 

1,2,5 
31 

3,7,11,21 
30, 43-47 
18 

0, 10.13.15 17 2 0, 22,29 33.36,38 
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Table 3 

♦ 

Serotype Tail oligonucleotide Knob oligonucleotide 



4 


A 


1 


8 


B 


2 


9 


B 


2 


12 


E 


3 


* 

16 


C 


4 


19p 


B 


2 


28 


B 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


D 


5 


40-2 


D 


6 


41-5 


D 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: 


5'- 


CCC GTG TAT CCA TAT GAT GCA GAC AAC GAC CGA CC- 3' 


B: 


5'- 


CCC GTC TAC CCA TAT GGC TAC GCG CGG- 3' 


C: 


5'- 


CCK GTS TAC CCA TAT GAA GAT GAA AGC- 3' 


D: 


. 5'- 


CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 3* 


E: 


5'- 


CCC GTT TAC CCA TAT GAC CCA TIT GAC ACA TCA GAC- 3' 


1: 


5"- 


CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA - 3' 


2: 


5'- 


CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA - 3' 


3:. 


' 5'- 


CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA AAA GGA - 3' 


4: 


5*- 


CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA - 3' 


5: 


5'- 


CCG ATG CAT TTA TTG TTC AGT TAT GTA GCA - 3' 


6: 


5'- 


GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA - 3' 


7: 


5* 


- CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA AGA A - 3 


8: 


5'- 


CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA ^ 3' 
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Table 4 




Ad5Fib51 
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CLAIMS 

1. A chimaeric adenovirus comprising at least a part of a 
fiber protein of an adenovirus serotype providing the 
chimaeric virus with a desired host range and at least a part 
of a penton or hexon protein from another- less antigenic 

5 adenovirus serotype resulting in a less antigenic chimaeric 
adenovirus. 

2 . A recombinant vector derived from an adenovirus 
comprising at least one ITR and a packaging signal having an 
insertion site for a nucleic acid sequence of interest, and 

10 further having an insertion site for f unctionallly inserting 
a gene encoding a penton and/or a hexon protein of a first 
serotype of adenovirus and having an insertion site for a 
gene encoding a fiber protein of a second adenovirus of a 
different serotype. 

15 3 . A recombinant vector according to claim 2 which is a 
plasmid. 

4. A packaging cell for producing a chimaeric adenovirus 
according to claim 1, comprising in trans all elements 
necessary for adenovirus production not present on the 

20 adenoviral vector according to. claim 2. 

5. A kit of parts comprising a packaging cell according to 
claim 4 and a recombinant vector according to claim 2 or 3 , 
whereby there is essentially no overlap leading to 
recombination resulting in the production of replication 

25 competent adenovirus between said cell and said vector. 

6. A vector according to claim 2 or 3 where the insertion 
sites are different and preferably unique restriction sites. 

7. A method for producing a chimaeric adenovirus having a 
desired host range and diminished antigenicity, comprising 

30 providing a vector according to claim 2, inserting into said 
vector at least a functional part of a penton or hexon 
protein derived from an adenovirus serotype having relatively 
low antigenicity, inserting at least a functional part of a 
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£ib er protein oeriv.d ™ « — ^ ^inT 9 ^ 
desired host range end transfectmg said veotor x 
packing cell aooording to claim 4 and allowing for 
production of cheerio viral P'" 1 "^ said reduced 
8. A method according to claim 7. wherein izing 
antigenicity is a diminished capability to raise 

antibodies. rl aim n wherein the 

, . » chimeric adenovirus according to claim 1 . 
he*on. penton and/or fiber proteins are chimaeric 
originating from different adenovirus »»*»»^ 

10 . A nucleic acid library comprising nucleic acid 

from different adenovirus serotypes. 
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Figure 2 
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Figure 7: 



1.1: Serotype 8 fiber protein 
SCSCPSAPTIFMIXQMIQtARPSEDTFNP^ 

NFPPGVLSLKLADPmr>TNQNVSLKVGGGLTLQFJETGKLTV>rrePPI^ 
ALDAPFDVIDNKLTIXAGHGLSnTKETSTLPGLVim.VVLTGKGIGTDLSNNGGN 
ICVRVGEGGGLSFNDNGDLVAFNKK^DKJITLWTTPDTSPNCRIDQDKDSKLTLV 
LTKCGSQILANVSLJVVAGRYKJINNN^ 

YWNFRNQNSIMSTAYEKAIGFMPNLVAYPKPTTGSKXYAM)IVYGNIYLGGKPH 
QPVTIKTTFNQCTGCEYSITFDFSWAKTYVNVEFETTSFTFSY1AQE. 

1 .2: Serotype 9 fiber protein 

SCSCPSAPTIFMLLQMIGIARPSEDTFNPVYPYGYAIINQNIPFLTPPFVSSDGFQ 
hM*PGVLSLK!ADPlAIVNGKVSLKVGGGLTLQDGTGKLTVNADPPLQLTNNKL 
GIALDAPFDVIDNKLTLLAGHGLSIITKETS1TPGLINTLVVLTGKGIGTESTDNGG 
SVCVRVGEGGGLSFhn^GDLVAFNKKEDKRTLWTTPDTSPNCKIDQDKDSKLTL 

VLTKCGSQlLANVSLrvrVAGKYKnNNNTQPALKGFTIKlXFDENGVLM^ 
SYWNFRNENSIMSTAYEKAIGFMPNLVAYPKPTAGSKKYARDIWGNIYLGGKP 

DQPVTIKTTFNQETGC^YSITFDFSWAKTY^^^VFJ 7 ET^SFTFSY1AQE. 
1.3: Serotype 13 fiber protein 

XXXXXSAPTIFMLLQMKRARSSXDTFNPVYPYGYARNQMXFXTPPFVXSDGF 

KNFPPGVLSLKLADPrnANGDVSLKVGGGLTLQEGSLTVDPKAPLQLANDKK^ 

L\rmDPFEVSTNKLSLKVGHGU:VLDDKSAGGLKDLIGKLV\a.TGKGIGIENLQ 

NDDGSSRGVGI>TVT^GTDGGLSFDRKGELVAWhrRKDDRRTLWTTPDPSPNCKA 

ETEKDSKLTLVLTKCGSQILATVSnVLKGKYEFV]^^ 

LPTS^SKEYWNYRSYDWQGTPYENAWFMP^KAYPKPTKTASDKAENKJS 

AKNKWSOTYFGGQAYQPGTHIKFNEEIDETCAYSriTW 

FTXSYIAQE. 

1.4: Serotype 14 fiber protein 

HPFIWGnSPNGFTQSPDGXn^TLKCLTPLTTTGGSLQLKVGGGLTVDDTDGTLQE 
NIGATTPLVKTGHSIGLSLGAGLGTDENKLCTKLGEGLTFNSNN1CIDDNINTLWT 
GX^VTEANCQMMDSSESNDCKLILTLVK^ 

INFTAELFFDSAGNLLTSLSSLKTPLNHKSGQTWLLVPLLMLKVSCPAQLLILS1EIL 

EKNTCTTFTELVTTQLV1TLLFPLT1SVMLNQRA1RADTSYCIRJTWSWNTGDAPEG 

QTSATTLVTS 

1.5: Serotype 20 fiber protein 
IQNIPFLTPPF^SSDGLQ>nrPPGVLSLKLADPl 

LWKAPLQVANDKI^LSYAYPFETSANKLSLKVGQGLKVIJDEKDSGGLQN^G 
KLVVLTGKGIGVEELKNPDNT^GVGINVRLGKDGGLSFNKKGELVAWNKHND 
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KTYDVPIPFDSSSFT 

GWSKVYNDPIPFDTSSLT 

erdskltlvltkcgsqilanvsllv^ 
tfsyiaqe. 

1.8: Serotype 25 fiber protein Bp _ FnTFWVYpYGYARN QNIPFLTPPFVSSDGFQ 
SCSCPSAPTIFMLLQN^rcSE^^^^ 

NFPPGVI^IJaADPmSNGDVSLKV^GL^^ 

ELALAPPFNVKD^D^^ 
DDGSNKGVGLCVPJGEGGG^ 

1.9: Serotype 27 fiber protein A ™TTTTOr,nVSLKVGGGLVVEKESGKLSV 
IPFLTPPFVSSDGFKNFPPGVLSLKL^^ 

DVTSF 
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Figure 7 cont. 

HGGTTOVIUGKNGSLAFDKNGDLVAWT>KENDRRTLWTTPDTSPNCKMSEVKDS 
KLTLnJTKCGSQILGSVSIJJVVKGEYQNMrAS^ 

DKEYWNFRNNDSTVSGKYENAWFMPNITAYKPVNSKSYARSHIFGNVyiDAKP 
YNPWIKISFNQETQNNCVYSISFDYTCSKEYTGMQFDVTSFTFSYIAQE. 

1.11: Serotype 29 fiber protein 

QMPn.TPPFVSSDGFKNFPPG\T-SLKLADPIATINGDVSLKVGGGLTVEQDSGNL 

SVNPKAPLQVGTDKKLELALAPPFDVRDNKLAILVGDGLKVIDRSISDLPGLLNY 

LVVLTGKGIGNEELKNDDGSNKGVGLCVRIGEGGGLTFDDKGYLVAWNNKH^ 

RTLWTTl.DPSPNCKIDffiKDSKLTLVLTKCGSQILAWSLnVNGKFKJl.NWTDPS 

LPKSFMK1.LFDQNGVLLENSNIEKQYLNFRSGDSILPEPYKNAIGFMPNLLAYAK 

ATTDQSKTYARNTIYGNTYLDNQPYWVVIK^^ 

NIPFDSTSFTS 

1.12: Serotype 30 fiber protein 

SCSCPSAPTIFMLLQMKllAJ^SXDTFNPVYPYGYAP^QMPFXrPPFVXSDGFK 

NFPPGVLSLKLADPIA1TNGDVSLKVGGGLTVEQDSGNLSVNXKAPLQVGTDKK 

IJELALAPPFDVPJDNKLAILVGDGLKV^ 

^DGSNKGVGLCVPJGEGGGLTXDDKGYLVAWlSIKKiromTLWTIl.DPSPNCKI 
DIEKDSKLTLVLTKCGSQILANVSL1IVNGKFKILNNKTDPSLPKSFNIKLLFDQNG 

VLLENShnEKQYIJ^SGDSIIJ'EPYia^AIGFMPNlXAYAKATTDQS 
GMYUDNQPYNPVVTKTITWffiADSAYSITFNYSWTKDYD 



1.13: Serotype 32 fiber protein 

SCSCPSAPTIFMLLQMiaiARPSEDTFWVYPYGYARNQNIPFLTPPFVSSDGFQ 
NFPPGVLSLKLADPITIANGNVSLKVGGGLTLEQDSGKLIVNPKAPLQVANDKLE 

LSYADPFETSAMQ-SLKVGHGLKV1X)EKNAGGLKDLIGTLVVLTGKGIGVEELK 
NADNTNRGVGINVRLGKT)GGLSFDKKGDLVAWNKHDDRRTLWTTPDPSPNCTI 
DEERDS!O.TL\^TkCGSQILANVSIXV^ 

GVLMDSSSLKXEYWNYRNDNSTVSQAYDNAVPFMPWKAYPKTTTDTSAKPED 

KKSAAKJIYIVSNVYlGGLPDKTVVlTTKLNAETESAYSMTFEFTWAKTre 

SSSFTFSYIAQE. 

1.14: Serotype 33 fiber protein 

SCSCPSAFriFMELQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 
NF^PGVLSLKLADPrriTNGDVSLKVGGGLTLQEGSLTVNPKAPLQLAhroKKI^L 
VYDDPFEVSTMO^LKVGHGLKVLDDKSAGGLQDLIGKLVVLTGKGIGIENLQN 
DDGSSRGVGimOlLGTDGGl^FDRKGELVAWNRKDDRRTLWTTPDPSPNCKAE 
TEKDSKETLVLTKCGSQILATTVSnVl.KGKYEFVKKETEPKSFDVKLLFDSKGVLL 

PTSNI^KEYWYRSYDNNIGTPYENAWFMPNLKAYPKPTKTASDKAF^KISSA 
KJSTKWSNFYFGGQAYQPGTmKFNEEIDETCAYSITFNFGWGKVYDNPFPFDTO 

TFSYIAQE. 



1.15: Serotype 34 fiber protein 
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SCSCPSAinTFMLLQMK^^SEDT^ 
SPDGVLTLKCLTPLTTTGGS^ 

IIEDDN. 



1.16: Serotype 35 fiber 
SCSCPSAPTIFMLL 



TEDDN. 




SSSFTFSYIAQE. 

1.18 Serotype 37 fiber F°*™ „pc FDT FNPVYPYGYARNQNIPFLTPPFVSSDGFK 
LGGKPDQPGVIKTTFNQETGCEYSl 1 rNr :> w a js. a ic 



1.19 Serotype 38 
SCSCPSAPTIF 



! Al^PQFnTFNPVYPYGYARNQ^^PFXTPPFVXSDGFQ 
_ _ mLQMWUW'SED™^ V Y r i u i ^ ^ IXKA p L QVANDKLE 

NFP^GVI^LKLADPITIANGNVSLKV 

LSYADPFETSANI^I^^ 
NADNTWGVGINVT^GKDGGI^FPKKGD 

SSSFTFSYIAQE. 
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1.20 Serotype 39 fiber protein 

IRISPSSLPPLSPPMDSKTSPLGCYHSNWLTQSPSPMGMSHSRWEGGSPWQEGTG 

DLKVNAKSPLQVATNKQIJEIALAKPFEEKDGKLALK3GHGLAVVDENHTHLQSL 
IGTLVILTGKGlGTGRAESGGTroVRLGSGGGLSFDKDGNLVAWNKDDDRRTLW 

TTPDPSPNCKIDQDKDSKLTFVLTKCGSQILAl^SIX^ 
DYKKFTTK1XFDEKGV1XKT>SSLDKEYWNYRSNN^ 

YPKPPTPPTNPTTPLEKSQAKNKYVSNVYLGGQAGNPVA1TVSFNKETGCTYSIT 
FDFAWNKTYENVQC. 

1 .21 : Serotype 42 fiber protein 

SCSCPSAPTIFMLLQMKJIARPSEDTFNPVYPYGYAPJ^QNIPFLTPPFVSSDGFK 

NFPPGVLSUa.ANPlArTNGDVSLKVGGGLTLQDGTGKLTmTKTPLQVANNKLE 

LAFDAPLYEKNGKLALKTGHGLAVLTKDIGIPELIGSLVILTGKGIGTGTVAGGGT 

roVRLGDDGGLSFDKJCGDLVAWNKKNDRRTLWTTPDPSPNCRVSEDKDSKI.TU 

LTKCGSQILASFSLLVVXGTYTTVDKNTTNKQFSIKI.LFI)ANGKLKSESNLSGYW 

NYRSDNSVVSTPYDNAWmPNTTAYPKIWSTTDPENKKSSAKKTrVGNVYLEG 

NAGQPVAVA1SFNKETTADYSITFDFAWSKAYE1PVPFDTSSMTFSYIAQE. 

* 

1.22: Serotype 43 fiber protein 

NIPXLTPPFVSSDGFKNFPPGVLSLKLADPITITNGDVSLKVGGGLTVEKESGNLT 

VWKAPLQVAKGQl^AYDSPFDVKNNMLTLKAGHGLAVWKDNTDLQPLMG 

TLVVLTGKGIGTGTSAHGGTnJWIGKNGSLAFDKDGDLVAWDKENDRRTLWT 

TPDTSPNCKMSEAKDSKLTLILTKCGSQn.GSVSLLAVKGEYQNNrrANTKKKVKI 

TLlJ^ANGVLLAGSSXXKEYWNmSKDSTVSGNYENAVQFMPlOT 

YARSVIFGNVYIDAKPYOTVVIKISF^QETQNNCVYSISFDYTLSKDYPl^QFDV 

TLS 

1.23: Serotype 44 fiber protein 

NnPFLTPPFVSSDGFQNFPPGVI^LKLADPrnTNGNVSLKVGGGLTLQEGTGDLK 

VNAKSPLQVATNKQLEIALAKPFEFJKDGKLALKIGHGLAVVDENHTHLQSLIGTL 

VOLTGKGI GTGS AES GGTID VRLGS GG GLSFDKDGNL V A WNKDDDRRTLWTTPD 

PSPNCKIDQDKIDSKLTFYa.TKCGSQILANMSLLVVKGKFSMINNnCVNGTDDYKK 

FTIKIJLJTJEKGVLLKDSSLDKEYWNYRSNNNNVGSAYEEAV 

TPPTNPTTPLEKSQAKNKYVSNVYLGGQAGNPVATTVSH^TGCTYSITFDFA 

WNKTYENVQFDSSF 

1.24: Serotype 45 fiber protein 

N1PFLTPPWSSDGFQNFPPGVLSLKLADP1AJTNGDVSLKVGGGLTVEKDSGNLK 

VNPKAPLQ\TTOKQmALAYPFEVSNGKLGIKAGHGLKVIDKIAGLEGLAGTLV 

VLTGKGIGTENLENSDGSSRGVGINVRLAKDG\a-AFDKKGDLVAWNKHDDRRT 

LW lTPDPSPNCTIDQEPJ)SKLTLVLTKCGSQn.Al^ 

DKKinrKLlJNEKGVLMDSSTLKKEYWNYRNDNSTVSQ 

PKPSTDTS AKPEDKKSAAKRYTVSNVYlGGLPDKTVVmKFNAETECAYSlTFEFT 
WAKTFEDVQCDSSSFT 

1 .25: Serotype 46 fiber protein 
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S^sS 3SSSSH5K2 




RPNTPDS 
YVGQFDTTSFT 

1.26 Serotype 47 fiber protein _ FnlwVYPYGYARNQ NlPFLTPPFVSSDG™F 

TFSYIAQE. 

1.27: Serotype 48 fiber 
SDIPFLTPPFVSSDGF* 

PSPNCHDQDKDSKLT^TKCGSO^MSILVV^ VGB ^ AY PKPP 

SS^^^SAoTvATrvsFNKErocrvs^A 

WNKTYKMAFIPRFNF 

1.28: Serotype 49 fiber protein __„ nTFNpvY p YGYAR NQNIPFLTPPFVSSDGFQ 

SCSCPSAPTIFMLLQMKRAJ^^^ 

NFPPGVLSLIO.ADPIMWGNVS^^^ 

m SLADPFEVKNKK^V^ 




PFDSSSLTFSY1AQE. 

1.29.: Serotype 51 ^P^fj" ^ 
SCSCPSA^D^LQMK^S^ 

SPDGVLTU^CLTPLTTTGGPLQlXVG^ 

Ligngij^nnklt^^ 

TNDGKLTLVLVKNGGLVNGYVSLV^ 
DTTKCISLCYVSTCLFFN 
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Figure 9 



AscI 
12161 



Fsel 
14240 



Sbfl 
19776 



15333 



18189 




Hexon 



pNEB/ABam/Sbf 



PCR fragments 



BamHI BamHI 

—I t 



1 



T 



Fsel 



Muni 



1 

Spel 



Sbfl 



AscI 
21781 



1 




1 : AHexl : 5'- CCT GGT GCT GCC AAC AGO 9 

2 • AHex2- 5"- CC GGATCC CAATTG GGA AAG CGG GCG CGC G- 8 

3 : AHex3: 5'- CC GG ATCC TG ATCA AGA AGC AAG CAA CAT CAA CAA G- 3' 

4: AHex4: 5 1 - GAG AAG GGC ATG GAG GCT G- 3' 
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Figure 10 

1.1: Serotype 34 hexon protein 

LSRRAPGFPLVKMATPSMLPQWAYMfflAGQDASEYLSPGLVQFARATDTYFNL 
G>n<FRNPTVAPTHDVTTDRSQRLMLRFW 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDDGEEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDETWTDLDGKTEEYGGRVLKPCTKMKPCYGSFAKPTNIKGGQAKVKPK 

EDDGTNNIEYDmMNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYKPGVSD 

ASSETNLGQQSMPNRPNYIGFRDNF1GLMYYNSTGNMGVLAGQASQLNAVVDL 

QDROTEl^YQLLDSLGDRTRYFSMWNQAVDSYDPDVRVIENHGVEDELPNYCF 

PLDGVGPRTDSYKEIKPNGDQSTWTNVDPTGSSELAKGNPFAMEIKLQANLWRS 

FEYSKVALYLPDSYKYTPSNVTIJ'ENKNTYDYMNGRVVPPSLVDTYVNIGARWS 

IJDAMDm^FNHHRNAGLRYRSMLLGNGRYVPFmQVPQKFFAVKM^LlXPGS 

YTYEWNFRKIDVNMVLQSSLGNDLRVDGASISFrSINLYATFFPMAHNTASTLEA 

MLRNDTNDQSFNDYl^AAhMLYPIPANATMPISIPSRNWAAFRGWSFTRLKTK^ 

TPSLGSGroPYFVYSGSIPLDGTFYL^mTFKKVSIMFDSSVSWPGNDRLLSPNEFEI 

KllTVDGEGYNVAQCNMTDWFLVQMLANYMGYQGFYIPEGYKDRMYSFFRNF 

QPMSRQVVDEV^KDFKAVIPYQHNNSGFVGYNIAPTMRQGQPYPANYPYPLIG 

TTAVNSVTQKXFLCDRTMWRIPFSSNFMSMGALTDLGQNMLYANSAHALDMTF 

EVDPMDEPTLLYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAGNATT. 

1.2: Serotype 35 hexon protein . 

I^RRAPGFPLVKMATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 

G>0<FRNPTVAPTHDVTTDRSQRLMLRFVPVDREDNTYSYKVRYTLAVGDNRVL 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDDGEEAKkATYIFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTDIJDGKTEEYGGRVLKPETKMKPCYGSFAKPTN1KGGQAKVKPKE 

DDGT^^YDro^lNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYKPGVSDAS 

SETNLGQQMP^^^^^lGFRD^mGLMYYNSTGNMGVLAGQASQLNAVVDLQDR 

OTELSYQLLI^LGDRTRYFSMWNQAVDSYDPDVRVffiNHGVEDELPNYCFPLDG 

VGPRTDSYKEIPNGDQSTWTmT)PTGSSELAKGWFAMm^QAJSn^WRSFLYSN 

VALYlJDSYKYTSNVn.PENKNTYDYMNGRVWPSLVDTYVMGARWSIJDAMD 

NVNPFNHHRNAGRYRSMLLGNGRYWFfflQVPQKFFAVKNIXLLPGSYTYEW^ 

FRKDVNMVLQSSlJ)LRVDGASISFTSINLYATFFPMAHNrASTLEAMLR 

QSFNDYLSAAKMLYPIANATNIPISIPSRNWAAmGWSFTRLKTKETPSLGSGFDP 

YFVYSGSIPYLDGTFYLHTFKKVSIMFDSSVSWPGNDRLLSPNEFEIKRTVDGEGY 

^AQCNMTKDWFEVQLANYNIGYQGFYIPEGYKDRMYSFFRNFQPMSRQVVDE 

V^KDFKAVAIPYQHNNGFVGYMAPTMRQGQPYPANYPYPLIGTTAVNSVTQK 

KFECDRTMWRIPFSSNFMSALTDLGQNM^ 

LLFEVFDVVRVHQPHRGIIEAVLRTPFSAGNATT. 



1.3 Serotype 36 hexon protein 
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GMTDDGEEAKKATYTFGNAP^ 
EPQVGDTWTDIJDGKTEEYGGRVIJKPEnCNDffCY 

DDGT^YDmMNFFDLRSQRSELKPKIVMYA 



PAI^TT^^NKFRNFrVA^V^^T^^^ 1 ^^ 
UVGDNR^MASTYFDKGVl^RGP^YSGTATOSI^ArN^ 

PMDNVWFNHRNAGU^YR^ASGQRPU^A^H^APK^CW^yAW^ ^ 
DSmSSvSvWHQPHRGVIEAVYLRTPFSAGNATr. 



